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SYMBOLS 


Amplitude coefficient 

Area 

A constant 

Frequency ; /(x,y) a function of x and y 
f: f:-number of a lens 
F(x) Line-transmittance function 


Intensity, Jo of object, /’ 
image, /, of image 
Constants 

length 


of primary sf, Square-wave amplitude response fac- 
tor, Eq. (106) 
, Square-wave flux response factor, Eq 
(107) 
Line-number, the index p specifies Signal-to-deviation ratio 
the direction of the sine-wave spec- 


F’ Focal distance 

g(N) Fourier transform of a function f(x) 
G Transfer factor 

h Horizontal component (angle p = 0°) 


Presented by Otto H. Schade, Tube Div., Radio 
Corp. of America, Harrison, N.J., in part on 
October 15, 1951, and on April 28, 1953, at the 
Society’s Conventions at Hollywood and at Los 
Angeles, Calif, and as a paper presented on 
November 10, 1953, before the Rochester, N.Y., 
Section of the Optical Society of America 

Note: Part I of this paper, “Image structure and 
transfer characteristics,” was published in this 
Journal in February 1951, pp. 137-171; Part II, 
“The grain structure of motion picture images 
an analysis of deviations and fluctuations of the 
sample number,” in March 1952, pp. 181-222; 
and Part III, “The grain structure of television 
images,” in August 1953, pp. 97-164 


(This paper was received on May 24, 1955.) 


trum 
Line-number at which the half-wave 
length equals aperture diameter 
Raster constant, number of line traces 
in vertical frame dimension 
Equivalent passband, N,.7) of tele- 
vision system, the indices /, », or p 
specify the direction of the sine-wave 
spectrum 
. Numerical aperture of a lens 
Edge transition function 
Radius 
Sine-wave response factor of a two-« 
dimensional aperture; first index (a) 
(4), (K) specifies clement, second 
index A, 0, p specifies direction 
Sine-wave response factor of aperture 
system including camera tube and all 
apertures preceding raster process 
Sine-wave response factor of aperture 
system including kinescope and all 
apertures following raster process 
Sine-wave response factor of system 
in the horizontal direction (p = 0°) 


Effective length of an aperture 

Time 

Line-transmittance or impulse trans- 
mittance, Eq, (96). 

Angle between object point and lens 
axis, Fig. 1 

Electric vector amplitude 

Vertical component 

Volume of aperture or point-image 
Coordinates, x in the direction of 
scanning 

Characteristic aperture diameter 
Base of natural logarithm 
Coordinates of point-image or aper- 
ture 

Angle between aperture coordinate ¢ 
and scanning direction x 
Transmittance of aperture, 
intensity value of point-image 
” Phase angle 

4 Angle, see Fig. 13 
Flux 
A 

w 


relative 


5 


Wave length of light 
Angle, see Fig. 130 
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SUMMARY OF PART IV 


The theory of image formation and 
analysis is formulated in Section A as an 
“aperture theory” applied to optical and 
electrical image-forming systems. It is 
shown that the properties and combina- 
(point-images) can 
be described in the space domain by 
transmittance functions and in the fre- 
quency domain by their Fourier spectra 


tion of “apertures” 


(sine-wave response). The mathematical 
formulation demonstrates that the basic 
operation of image formation and 
analysis is a successive integration of the 
products of two functions, letting one 
other function, 


function “sean” the 


mathematically termed “convolution.” 
The equivalent passband N, of an aper- 
ture or system emerges again as a sig- 
nificant and convenient parameter for 
specifying their characteristics by a single 
number, 

The application of aperture theory to 
the evaluation of properties of image- 
forming devices such as lenses, photo- 
graphic systems and television systems is 
treated in Section B, which contains a 
new approach to lens evaluation and 
general specifications for the design of 
television systems, 

Subsequent sections of Part IV, which 
are to be published at a later date, will 
discuss practical instruments for measur- 
ing the sine-wave spectra of the elements 
in photographic and television systems, 
and the sine-wave spectra of the visual 
process, Part [V will conclude with the 
description of a system for evaluating and 
comparing the sharpness of optical and 
television images, based on their equiva- 
lent passbands. 


INTRODUCTION 


An ideal imaging system is expected to 
focus radiation from any object point 
again into a mathematical point. This 
performance cannot be realized with a 
system of finite aperture because of dif- 
fraction at its boundaries. The actual 
point-image has physical dimensions, and 
its shape and intensity distribution deter- 
mine definition and resolution in the 
image. It is immaterial whether the point 
images in a frame area are formed simul- 
taneously or in sequence (as in tele- 
vision), provided they are formed within 
a time suitable for the particular purpose. 
The accuracy of reproduction can be 
specified mathematically by a description 
of the “point image” in the space domain 
or frequency domain or by its effect on 
Analytic treat- 
ments of two-dimensional point images 


known object functions 


and intensity functions by Fourier meth- 
ods go back to early studies of inter- 


ference and diffraction in optical instru- 
ments and may be found in textbooks on 
optics (for example, Ref. 1), Although 
not generally applied to evaluate and 
specify the performance of two-dimen- 


sional imaging systems such as the 
photographic process, Fourier methods 
have been used extensively in com- 
munication theory to analyze and specify 
the performance of electrical circuits and 
systems, The transmission of image in- 
formation over a single-channel tele- 
vision system requires translation of two- 
dimensional intensity functions J] = 
f(xy) into one-dimensional electrical 
signals J = f(t), which is accomplished 
by a periodic process of scanning. The 
mathematical relations between image 
functions and signals, and 
particularly their frequency spectra in 
the electrical channel have, therefore, 
received early attention.? A more com- 
plete analysis of practical imaging sys- 
tems containing a large number of ele- 
ments in cascade must often depart from 
idealizing assumptions and rely on data 
obtained by measurement of actual sys- 
tem components, In the course of an 
extended study, it has been found ad- 
vantageous to break up general functions 
into three parts which can be treated 
and combined independently. 


television 


(1) The relations of mean intensities be- 
tween corresponding aggregates of point 
images and point sources in the object 
are described by transfer characteristics. 
Depending on the nature of the system 
element, the quantities related by its 
static or dynamic transfer characteristics 
are intensities of optical or electrical 
“signals’’ which may be measured and 
combined as discussed in Part I of this 
paper. The information given by a trans- 
fer characteristic is incomplete because 
it relates intensities of large areas only, 
and defines the constants of the image- 
intensity function but not its fine struc- 
ture, 


(2) When the test areas are reduced to 
the order of a point image, it is observed 
in all practical imaging systems that 
changes in test position result in intensity 
readings which deviate randomly from 
each other, A large number of “sample” 
readings must then be taken to obtain 
a mean value whith agrees with the read- 
ing obtained from a large test area. 
Random deviations from the average dis- 
turb the uniformity of “signal” levels, 
and limit detection of intensity dif- 
ferences to the order of the deviations 
themselves. The signal-to-deviation ratio [|R| 
(electrically: signal-to-noise ratio) is a 
second basic characteristic needed for 
specifying image quality. The analyses 
of motion-picture and television grain 
structures in Parts IT and ITI of this paper 
have shown that the signal-to-deviation 
ratio [RX] of an image is a function of 
signal intensity, and that [R] is deter- 
mined with a test area or sampling aper- 
ture equivalent to the point image of the 
entire process following the source of 
deviations. It was found expedient to 
determine this equivalent aperture fror 


its properties in the “frequency domain,”’ 
i.e. from its sine-wave “spectra.” 


(3) The accuracy in the reproduction of 
detail by an imaging system can be 
specified in the “space domain’’ by the 
intensity function of its point image, line- 
image, or edge transition, or it can be 
specified in the “frequency domain’ by 
its Fourier transforms: the sine-wave re- 
sponse and phase-characteristics. The 
characteristics of the point image are 
determined in principle by physical or 
electrical apertures (wave filters) in com- 
bination with elements directing or 
focusing the aperture flux to form an 
image. The theory of evaluating and 
combining point images or their sine- 
wave spectra has therefore been termed 
aperture theory. The direct measure- 
ment of intensity distributions of optical 
or electrical point images requires high 
precision and has proven to be unreliable 
when simple, or when otherwise, compli- 
cated and time consuming. An exact de- 
termination of the spatial characteristics 
of the point image of a multistage imaging 
system from its individual point images is 
still more laborious, requiring progres- 
sive integration, because every point in 
the point image of a preceding stage 
must be replaced by the point image of 
the succeeding stage. Because of the com- 
plexity of practical point images, it is 
usually much more convenient to operate 
with their Fourier transforms (sine-wave 
response and phase characteristics) which 
can be measured and combined easily. 
The dimensions of corresponding ‘“‘aper- 
tures’’ can be obtained from inverse 
transforms and by graphic methods. 
The sine-wave spectrum can be regarded as 
the third basic characteristic determin- 
.ing image quality, because any form of 
intensity variation can be expressed by 
Fourier series of sine-wave components 
with particular amplitude and phase 
relations. To avoid waveform distortion, 
the sine-wave response is determined 
with small “‘signals’’ for which all trans- 
fer characteristics are linear. Large 
signals in nonlinear systems can be 
analyzed as customary for electron-tube 
amplifiers. 

A study of the characteristics of optical 
and electrical elements practical 
imaging systems extending over many 
years has led to preferred methods of 
analysis, supported by a parallel de- 
velopment of instruments*.* for accurate 
measurement of sine-wave response char- 
acteristics. In mathematical terms such 
instruments perform the function of 
“computing” the transforms of point 
images used in practical systems. 

A temporary difficulty encountered in 
the measurement of the sine-wave re- 
sponse of optical or photoelectric devices, 
for example, has been the lack of sine- 
wave test objects. Because of the general 
use of “square-wave’’ test charts (normal 
line patterns) it appeared desirable to 
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develop methods for interpreting square- 
wave response characteristics.’ The Four- 
ier relations between square-wave and 
sine-wave response factors of practical 
two-dimensional point images are in 
many cases fairly simple, permitting a 
conversion. The direct measurement of 
sine-wave response factors, however, is 
advisable, particularly when one is deal- 
ing with raster processes, limited fre- 
quency channels, and eccentric point 
images (coma) causing phase shifts. The 
response to square waves, single edges 
or other complex wave-forms can be 
computed accurately from sine- 
wave amplitude and phase response and 
the transfer characteristics of the system. 

The introduction of an equivalent normal- 


ized point image (sampling “‘aperture’”’) and 
frequency spectrum, specified by a single num- 
ber (the equivalent passband N,), resulted in 
a great simplification of many problems 
in the analysis of grain structures. These 
equivalents are useful and 
significant in the evaluation of image 
definition and sharpness and lead to a 
new system of rating image-forming 
devices or systems. A direct connection 


equally 


between objective characteristics and 
subjective impressions can be established 
by the inclusion of the objective charac- 
teristics of the process of vision in the 
evaluation. For this purpose a_ useful 
analog of the visual system, in agreement 
with fundamental principles, has been 
determined from subjective data. 


This paper presents the first Sections 
A and B of Part IV which outline the 


theory of image formation by two- 


dimensional “apertures,” their descrip- 
tion in the space and frequency domains, 
as well as a discussion of fundamental 
properties of image-forming systems in- 
cluding the “perfect” lens and the “per- 
fect” Methods of 


measuring the actual performance of 


television system. 


lenses, microscopes, television system 
components and the eye will be treated 
in subsequent sections of Part IV, which 
will demonstrate the evaluation § of 
definition and sharpness in complete 
imaging systems such as motion pictures 


and television. 


A. THEORY OF IMAGE ANALYSIS (APERTURE THEORY) 


1. Intensity of a Point in the Image Plane 
The intensity Jy in an object plane is 
a function of the object frame coordi- 
nates 
To = f(x0,yo) 


An imaging process causes in general a 
change of coordinate lengths, a change 
of the intensity scale, and an expansion 
of all point sources into point images. The 
first two effects on the image are con- 
sidered separately by the assumption that 
the point image is infinitesimal. The 
hypothetical image so obtained will be 
“primary image,’ and has the 
intensity distribution 


I’ = Gly = f(x;,y;) (91) 


termed 


where G is the transfer factor of the process, 
x, and y; are the coordinates of the primary 
image which has been changed by the 
magnification factor x: /x0,¥1/¥o 
The type of imaging system is arbitrary. 


The effect of a real point image can 
now be discussed in relative units with 
direct reference to the coordinates and 


Fig. 110a. Topographic representation of 
point-image or aperture-transmittance. 


intensity (/’) of the primary image. The 
point image is treated as an aperture with 
coordinates ¢ and » placed through a 
reference axis O as illustrated by Fig. 
110a. The relative intensity of the point 
image is specified by the aperture trans- 
mittance + indicated topographically by 
contour lines. The reference axis O indi- 
cates the location (coordinates (x;,y;) in 
the primary image) of the point source 
which causes this point image. The refer- 


Fig. 110b. Intensity of an image point 
and area of correlation. 


=# (0,0) =o (Ki -X2,%1 


ence axis is usually placed at r © Tmax. 
A precise location is not essential because 
an error in position causes merely a cor- 
responding and insignificant displace- 
ment of the entire image frame. 

The total energy or intensity /»;p) at a 
point P of the image is the sum of intensity 
contributions from all point sources for 
which P lies inside the transmittance 
range of their point image as indicated 
in Fig. 110b. Summation of energies is 
indicated because the phase relation of 
electric field-vectors in the radiant energy 
from different object or image points are 
random (incoherent) in all stages of a 
photographic or television process, To 
simplify notation, let P be the origin of 
the coordinate system (x),y,). The con- 
tribution from a point source O, is the 
product of its primary intensity /’, and 
its point-image intensity or aperture- 
transmittance 7 at point P. Because the 
coordinates of the points O with respect 
to P and of P with respect to O are 
always equal and of opposite sign, the 
intensity /’, and corresponding trans- 


FUNCTIONS FOR 6 
#) (x), 
£2 (KX) ~ ,0) 


Fig. 111. Intensity function of an image. 
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Fig. 112. Transmittance of two circular apertures 
(uniform transmittance ) in cascade. 


mittance r can be coordinated for all 
products by letting points P and O 
coincide and rotating the point image 
and its coordinates 180° as shown in 
Fig. 110b, Corresponding intensity and 
transmittance values now coincide in 
location. The total intensity at point P, 
(x, = 0, », = 0) is hence with Eq. 
(91): 


tun =G ff” (92) 


where = is the intensity func- 
tion of the primary image and foxy) = 
f(-t, —n) r is the transmittance func- 
tion of the point image. The unit for r is 
determined by assuming a uniform object 
intensity J) = constant, for which G = I'/Ig. 


dx,dy, = 1, which is the “volume” of 
the point image. 


Equation (92) reduces to 


Numerical intensity values are hence 
determined with a point-image volume 
normalized to unity. Numerical trans- 
mittance values decrease, therefore, with 
increasing point image size. For many 
purposes, however, it will be found con- 
venient to express the transmittance in 
relative units, letting Tmax equal unity, 
It is evident from Fig. 110b that the 


ts) 


71,270.05 


area and degree of correlation of point 
sources contributing to the intensity of a 
single image point P is given precisely 
by the area and transmittance of one point 
image identical with that obtained from 
the object point P but rotated 780° on its 
reference axis. This rotation and sign 
reversal, with respect to the image, 
should not be confused with the normal 
image rotation by optical systems. 


2. Intensity Functions of Two-Dimen- 
sional Images and Apertures 


Intensity Function of an Extended Image: The 
image intensity function J; = /(x%2,y2) 
of an extended image containing the 
aperture effect can be derived from Eq. 
(92). The aperture function ( /2) must be 
modified so that it expresses the orienta- 
tion (p) and shift of the aperture to all 
points (xa,y2) of the extended image: 
raf(—f,-9) = 

Salo, (x1 — — y2)] (93) 
The orientation of the aperture with 
respect to the image coordinates is ex- 
pressed by the angle p formed between 
the aperture coordinate and the 
image coordinate x,. The relations be- 
tween the coordinate systems of primary 
image (x;,y,), aperture ({,»), and actual 


0.4 *0.75=0.3 T2=CONST.= | 
Mf fy 
L 
{ *(0.6 be! 
Sel 0.25) 
b= 
t 


ini 


Fig. 113. Transmittance of two square apertures (uniform transmittance ) 
in cascade, 
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image (x2,y2), are illustrated in Fig. 111. 
Substitution of the above expression (93) 
into Eq. (92) furnishes the intensity /, 
of the extended image: 


Iz = f(x2,y2) = Sele, Gar 
x2), (i — ya)ldxidy, (94) 


where ¢ is a constant. The variable point 
coordinates (x2,y:) are treated as constants 
during evaluation of the double integral 
for each image point. Progressive variation 
of Xe OF ye causes the aperture (function 
fz) to “scan” the primary image (function 
fi). The mathematical process of one function 
scanning another function, as expressed by Eq. 
(94), is termed “‘faltung’’ or ‘‘convolution;”’ 
the function (93) is a “scanning function.” 


The image-synthesis by convolution of 
object and aperture functions according 
to Eq. (94) is applicable to any object 
configuration. The extended use of this 
theorem is pointed out in the following 
sections. 


Transmittance of Apertures in Cascade; The 
apertures of a multistage imaging process 
can be combined into one “system aper- 
ture’ by cascading (convolution), i.e. 
by repeated application of Eq. (94).* In 
other words, the point-transmittance 
T1.2 = f(x,y) for two aperture processes 
in cascade is computed by scanning the 
transmittance function 7; of one aper- 
ture (which is considered the object) with 
the transmittance function r, of the 
second aperture, The result depends 
again on the relative orientation of the two 
aperture coordinate systems expressed 
by the angle p between their {-coor- 
dinates. Writing, therefore, = /1(p,¢,n) 
and rz = f2[(f — x), — y)], one ob- 
tains an expression similar to Eq. (94): 


f(o,x,y) = filo,t.n) fal 
—x),(—n, —y)|dtdn (95) 


The constant ¢ is eliminated by com- 
puting the relative transmittance 1;,2/ 
Ti, 2max- 

The cascaded transmittance of two 
apertures with uniform transmittance (1, = 
Te = 1) is readily calculated. In case 
of circular symmetry p drops out as a 
parameter and the transmittance func- 
tion need be evaluated only for points 
along one radius: 71,2 = f(r/r;) as indi- 
cated by the examples in Fig. 112, and 
Eq. (95) simplifies to 


(95a) 


71,2/T1,2 max A/Amex = 


where A = area common to both aper- 
tures (shaded in Fig. 112). 

When the two apertures have uniform 
transmittance but one or both are non- 
circular, it is necessary to consider their 
relative orientation (p), and compute the 


*It is shown in Part B that the sine-wave 
spectrum of the “perfect” lens is easily com- 
puted by convolution of the lens stop aperture 
with itself. Certain examples in this section 
iMustrate this process for later reference 
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point-transmittance (Eq. (95a)) along 
a number of radii or parallel sections, 
because the system aperture is obviously 
noncircular. The topographic representa- 
tions, Figs. 113 and 114, illustrate two 
typical cases. 

When two apertures have nonuniform trans- 
mittance but circular symmetry the trans- 
mittance (Eq. 95) may be evaluated as a 
sum of partial integrals which can be 
computed with Eq. (95a). The apertures 
are subdivided into n and m circular 
discs respectively, having constant frac- 
tional transmittances. 

The transmittance function, along a 
radius of each pair of sections n, m is: 


Tin.m) = = f(r nem 


and their normalized sum is the relative 
transmittance along a radius of the 
system aperture. 

This process of subdivision into com- 
ponent apertures is illustrated by the 
annular apertures in Fig. 115 where the 
blocked out centers can be treated as 
apertures with constant negative trans- 
mittance + = —1. The solid positive 
aperture (r,;) scanning (r3) gives the 
positive partial transmittance curve 1,3. 
The two negative apertures (rz) and 
(rs) give the transmittance 
curve 2,4; and the negative apertures 
(r2) and (r4) scanning the positive aper- 
tures (rs) and (r,) respectively give the 
negative transmittance curve 1,4 + 2,3. 
The total transmittance (solid curve) is 
the sum of the partial transmittances 
which equals the result obtained by 
direct convolution. 

It is apparent that the labor of com- 
putation becomes prohibitive in an 
analysis of practical processes containing 
a large number of elements. The 
method is, however, instructive inasmuch 
as it illustrates a number of basic facts: 

(a) The exact diameter of the system 
aperture* is mathematically equal to the 
sum of the diameters of the component 
apertures (in the direction under con- 
sideration). The observed diameter in 
practical systems is not well defined for 
reasons stated below under d. 

(b) The largest aperture in a system 
has a dominating influence on the form 
of the system aperture. A small aperture 
causes only minor changes in the trans- 
mittance function which become in- 
significant when the effective aperture 
diameter is smaller than one-third 
(approximately) of the largest aperture 
diameter. 

(c) The transmittance of a system of 
apertures is in general nonuniform, even 
though the component apertures may 
have constant transmittance, 

(d) The aperture of photographic sys- 
tems containing three or more apertures 
of similar magnitude tends to be circular 
in shape and its transmittance tends to 


positive 


* The designations “aperture” and “point 


image”’ are interchangeable by definition. 


Fig. 114. Transmittance of circular and square aperture (uniform transmittance ) 
in cascade. 


approach the form of an error curve 
r = Tt must be emphasized that 
apertures caused by diffraction and aper- 
tures of electrical elements may alter 
this tendency as shown in Part III and 
discussed further in section B. 


3. Line-Images and Line-Transmittance 
Functions of Apertures (One-Dimen- 
sional Functions) 


Because of the complexity of two- 
dimensional functions, optical test objects 
are given an intensity distribution Jy) = 
f(x0,0) or Ig = f(0,yo) which is a func- 
tion of one variable only. Such test 
objects are “line patterns.”’ The image of 
a mathematical line object, is obtained 
by letting the point-image scan across 
a mathematical line object. The trans- 
mittance Tp) of the line-image, termed 
line-transmittance is expressed by 


Ty = Flos) = f (96) 


where p is defined as the angle formed by 
the aperture coordinate { with the direc- 
tion of scanning (x-coordinate) and k @ 
maximum line-transmittance. When the 
aperture is pictured as a three-dimensional 
body, the integrals T.,, for p 0°, for 
example, represent areas of aperture sec- 
tions (slices) parallel to », and integrals 
Ty) for p 90° are areas of sections 
parallel to ¢ as illustrated in Fig. 116, 


The line-transmittance functions T 
= F(p,x) are one-dimensional equivalents 
which depend on the orientation (p) of 
the aperture coordinates relative to the 
line object. Because the line transmit- 
tance is the product of a base dimension 
and a corresponding average transmittance, 
it correctly specifies the relative intensity 
of a line image but not the actual trans- 


1,4%42,3 


Fig. 115, Transmittance of two annular apertures (uniform transmittance ) 
in cascade, 
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Fig. 117. Evaluation of one line-transmittance value 


for two apertures 


mittance along a diameter of the line- 
generating aperture 

The line transmittance of two apertures 
in cascade is again obtained by convolu- 
tion, Le. the line-transmittance function 
@ Filps,x) of the first aperture is 
scanned by the line-transmittance func- 
tion T of the second 
aperture as indicated in Fig. 117. The 
cascaded line transmittance at any one 
value x is expressed in relative units 


by 


Ff pa, x 


Timon = = 


j f Filpy x) (97) 
where & = maximum line-transmittance 
value, When both line transmittances 


are symmetric about their reference axes, 
the maximum line transmittance 7),9 max 
occurs obviously when the reference axes 
coincide, atx, 0 

The line transmittance of apertures or 
aperture systems is usually determined 
only for two perpendicular line directions 
because practical apertures have often 
a circular or elliptical form. This fact 
is obtained by observation and is re- 
quired as additional information when it 


is desired to reconstruct the aperture 


F(P, ~*2)= 


in cascade. 


from its line-transmittance values or 


sine-wave spectra. 


4. Fourier Spectrum Representation of 
Apertures 

The intensity distribution of an optical 
line pattern can be expressed by a one- 
dimensional periodic function (Fourier series) 
containing an average term J» and one 
or a series of harmonic sine-wave terms 
termed a line spectrum. The image-in- 
tensity function, obtained by convolution 
with an aperture, has the same line spec- 
trum, but differs from the object func- 
tion in amplitude and phase of the 
terms. The differences, expressed by 
amplitude factors and phase angles, have 
values which are characteristic of the 
particular aperture. The sine-wave re- 
sponse factor ry and phase angle @ of the 
aperture is a function of frequency, or 
line-number N. In a linear system (small 
signals) the sine-wave response factor is 
independent of the line spectrum of the 
object function, and can be determined 
from a series of object functions contain- 
ing only one sine-wave term. The con- 
tinuous function ry, 0 = @(N) obtained by 
convolution uith sine-wave objects of constant 
amplitude and line numbers from N = 0 to 
co 1s a normalized Fourier spectrum or trans- 
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Fig. 118. Evaluation of sine-wave response (1,) of an aperture by scanning a sine- 


wave function f(x,) with the line-tr 
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form of the aperture. The “spectrum” g(N) 
depends on the orientation of the aper- 
ture with respect to the line-pattern and 
is, in general, a function of the angle p 
formed between the aperture coordinate 
¢ and the scanning direction. The com- 
plete sine-wave spectrum representation 
of a two-dimensional aperture is hence 
expressed by 13,6 = g(p,N). The “‘spec- 
tra” of practical apertures can be measured 
with instruments performing the integrations 
discussed in the following analysis. 

The intensity of an optical sine-wave 
pattern (Part II, Fig. 40), uniform in y, 
is expressed by [yp = f(xo, 0) = Ih + 
Ty wax (wxo) where = average 
intensity, /o max = amplitude of sinu- 
soidal intensity with the angular fre- 
quency w = 2xf 

Because the (television) line-number 
N has been defined as the number of 
half-cycles in a unit length (NV = 2/), 
the variational (frequency) term in the 
above equation can be written: 

4 = f(x9) = max (wNxo) (98) 
The average term is omitted because it 
is specified separately by the transfer 
characteristic. Although the total in- 
tensity J) is always positive in optical 
patterns, the variational components 
have positive and negative intensities or 
flux values with respect to the average 
level J, which is their zero reference 
axis. 

The image intensity function /, = 
{(%2) is obtained as before by convolution 
(compare Eq. (97)) i.e. by scanning the 
primary object function I, = f(x) = 
cos (r Nx,) with the line-transmittance 
function T,,, = F(p, —x) = Flp, — 
x2) of the aperture as illustrated by Fig. 
118. 

With this notation the sinusoidal com- 
ponent of the image intensity is 


i, = = 


af Flip, (%1 —*2)|cos( x, dx, (99a) 


This function represents a pure sine 
wave 


Te = Ts max cos + 0) (99b) 


and will give the desired response factor 
= Lomax When normalized by letting 
A equal the volume of the point image 
(compare Eq. (92)) which equals the 
area under the line transmittance curve 


F(x; 


When the line transmittance is an even 
function = F(x), Le. symmetric 
with respect to the reference axis Tmax, 
the response factor ryjy) = Lomax i8 ob- 
tained when Tax coincides with the 
sine-wave amplitude. The phase angle 
is 6 = 0 and the response factor can be 


(99e) 


Net 
T(P)> 
| 

~ 


calculated from a single aperture posi- 
tion: 


1 ©. 
hw) = af. F(x;) cos (9 Nx, dx; 
(100) 


A F(x, )dx, 


In general, the response factor or maxi- 
mum value of Eq. (99) can be deter- 
mined from two aperture positions hav- 
ing a phase difference of #/2 with 
respect to the sine-wave object as shown 
in Fig. 119. The two positions furnish the 
well known coefficients 


where 


F(x;) = Tey; 


1 
F(x,) cos x, )dx, | 


1 
by = F(x) sin )dx, 


and the response factor : 


= (ay? + byt)h; 
— tan (by/ay) } 


The sine-wave response factor and phase 
angle are functions of line-number (N) 
and are termed a Fourier spectrum. A two- 
dimensional aperture has an infinity of 
spectra depending on the aperture orien- 
tation (p) with respect to the line pat- 
tern. The aperture is described in the 
“space domain” by the transmittance 
function r = f({,») or by an infinity of 
one-dimensional line-transmittance func- 
tions T = F (p,x) depending on orienta- 
tion. The Fourier spectrum representa- 
tion 


ry, = g(p,N) (102) 


is a description of aperture properties in 
the “frequency domain’ which is as 
complete as its transmittance representa- 
tion in the space domain. Stated mathe- 
matically, the spectrum representation 
g(p,N) is the transform of the function 

Apertures with circular symmetry 
(@ = 0) have identical spectra for all 
values of p. The sine-wave spectra ry = 
g(N) of various symmetric apertures are 
shown in Part II, Figs. 41 to 46, and 
Part III, Figs. 94 to 97 

A number of fundamental relations of 
the space-domain and frequency domain 
representations are illustrated by Fig. 
120. It is important to keep in mind 
that the transmittance (r) two- 
dimensional, while corresponding: pairs 
of line-transmittance (T,,)) and trans- 
form are one-dimensional func- 
tions, having eliminated one variable 
by integration permitted by the line- 
object. The functions Tip», and ry:p») are 
hence single axial cross sections of the 
‘bodies’ shown in Fig. 120. These line- 
transmittance- and transform bodies are 
generated by varying the direction of 


Schade: 
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Fig. 119. Evaluation of cosine and sine-coefficients for an asymmetric 
aperture (top) and a symmetric aperture (bottom). 


integration (p). A number of important 
relations may be pointed out: 

(a) Deformation or change of an 
aperture diameter by multiplication of 
one or both coordinates ({,») by a scale 
factor a causes a reciprocal deformation 
of the transform body (in corresponding 
directions) by the factor 1/a. (See ellipti- 
cal aperture #5 Fig. 120.) In other 
words, when the aperture is increased, 
its spectrum shrinks. 

(b) When all transmittance functions 
r = f{(p,x) are even, the transform body 
e(p,N) and the aperture body are re- 
versible; i.e. an aperture having the 
form of the transform body has a trans- 
form having the form of the aperture 
body; the corresponding line-transmittance 
functions, however, are not alike as illus- 
trated by #1 and #2 and also #3 and #4 
of Fig. 120. The one-dimensional rela- 


APERTURE 
r=# (0,7) 


ROUND 
Of 


LINE TRANSMIT TANCE 
To=F(P, 


tion, however, between a_ /ine-trans- 
mittance (impulse function) and its single 
spectrum is reversible, (A semicircular line- 
transmittance, for example, has a 
(J;(%))/x* spectrum and a (J)(x))/x im- 
pulse has a semicircular spectrum.) Be- 
cause of this reversibility, the line- 
transmittance of an aperture can be syn- 
thesized from its spectrum and the spec- 
trum can be synthesized from its line- 
transmittance by the same method, Any 
even function F(x) or g(N), for example, 
can be expressed by a Fourier series of 
cosine waves (see Fig. 68 in Part ITT) 
which may be written in the form 


f(x) = ay + E 2a, cos px, 
pel 


p= 1,2,3 


where the symbols can be interchanged as 
follows: 
For synthesis of line-transmitiance 'T F(x) 


SPECTRUM (TRANSFORM) 
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Fig. 120. Transmittance, line-transmittance, and spectrum of various apertures. 
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Fig. 121. Evaluation of edge transition’ Al, by scanning step 
function Al, with line-transmittance T(») of aperture. 


from spectrum ry @ f(x) Fla) = T, 
a, ry at line number pN,, ordinate 
length x = 1/pN, at px = w of Fourier 
component, 

For synthesis of spectrum ry = g(N) from 
line-transmittance 'T F(x); f(x) g(N) = 
TL, ay T at distances px,, ordinate length 
N 1/px, at px » of Fourier com- 
ponent 


(ce) The spectrum of apertures in cascade is 
the product of the individual aperture 
The mathematical operation in 
the space domain of cascading aperture- 
or line-transmittance functions by scan- 
ning (convolution) corresponds in the 


spec tra 


frequency domain to multiplication of 
their transforms, The aperture #3 in 
Fig. 120, for example, is obtained by 
cascading (convolution) of two #1 aper- 
tures. The spectrum #3 is hence the 
squared spectrum of the #1 aperture. 

(d) When the transmittance function 
r = f(x,y) of an aperture can be broken 
up into a sum of transmittance functions, its 
transforms the 
partial transforms g,(p,N). The frequency 
spectrum of an circular 
symmetry and nonuniform transmittance 
r = f(r), for example, can be evaluated 
as follows. The aperture body is sub- 
divided into a “‘stack”’ of thin cylindrical 
slices parallel to its base. Each slice has 
a uniform transmittance (thickness) 
Ar, a diameter 4, and a volume Aré*x/4. 
For a normalized total volume of unity, 
the volume or fiux contribution of the 
nth slice is 


are vector sums of the 


aperture of 


All partial transforms have the normal- 
ized shape given by Fig. 42, Part II. 
Their line-number scales, however, have 
values Né = 1/6 according to the vari- 
ous diameters, and their response factor 
scales are multiplied by the respective 
flux contribution factors given 
by Eq. (103). The sum of these partial 
“spectra’’ is the spectrum of the aper- 
ture. The process is reversible.* 

(ce) It is observed that the spectrum 


* Examples of this process are given in Refs. 4 
and 5, and Pig. 84, Part III. 


products of a practical system containing 
three or more two-dimensional apertures 


of similar magnitude tend to approach 
the form of an error curve rj(N) = 
g(p,N) = «~@™)* (Pig. 44, Part II). 
This tendency corresponds in the space 
domain to the tendency of the system 
aperture to become circular and have 
a transnittance and line-transmittance 
functions approaching error curves as 
illustrated by #6 Fig. 120. There are 
again exceptions when a large aperture 
or a smal] spectrum of unusual shape 
dominates the system as stated earlier, 
at the end of Sec. A, §2, of this Part. 


5. Edge Transitions and Square-Wave 
Response 

The intensity of a sharp transition 
(edge) is the sum of a steady intensity 
level J, and a step function A/;. The cor- 
responding image step function Al; = 
/(%2,p) after an aperture process is ob- 
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Fig. 122. Evaluation of square-wave response by scanning square-wave function 


f,(x,) with line-tr 


function F(x, — x,). 
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tained by scanning the step function 
with the line-transmittance function of 
the aperture. This “edge transition’’ is 
simply a plot (Fig. 121) of the area of 
the line-transmittance T, = F(p,—x) 
under the unit step as a function of x», 
normalized to give a final level change 
equal to A/, and expressed by 


4h, = Q(p,x2) = 


1 x= x2 1 
A T (pdx; A= anf 


Tip)dx 


(104) 


The edge transition is antisymmetric or 
asymmetric when the point-image (aper- 
ture) and its line transmittance are 
symmetric or asymmetric respectively. 
In the frequency domain, asymmetric 
transitions indicate a _ phase-displace- 
ment of Fourier components. The edge 
transition is in general a function of 
aperture orientation (p) with respect to 
the edge, and apertures with circular 
symmetry only can be specified by a 
single edge transition. Differentiation of 
Eq. (104) furnishes the slope or gradient 
of the transition function, which is obviously 
the line transmittance of the aperture. The 
Fourier spectrum of the aperture may 
thus be computed from the differentiated 
edge transition Tip) = Q’(p,x2). Because 
of these mathematical relations, a two- 
dimensional point-image or aperture 
can be specified in the space domain by 
its transmittance function (r = /({,»), 
by its edge transitions AJ; = Q(p,x2), its 
line transmittance Ti, = Q’(p,x2) = 
F(p,x); or in the frequency domain by 
its Fourier spectra ry, 9 = g(p,N). 


Square-Wave Response: The image in- 
tensity functions obtained from square- 
wave test objects (normal line patterns) 
can be computed by scanning square- 
wave functions with the line-transmii- 
tance function as illustrated in Fig. 122. 
They may also be constructed by super- 
position of positive and negative edge 
transitions. Square-wave image func- 
tions Ay = f(x) can be synthesized by 
Fourier series with coefficients and phase 
angles obtained from the sine-wave 
spectrum of the aperture. 


Ay = f(x) = 
1 
COS (paNx + O,)) (105) 
(p = 1, 3, 5, ) 


The image waveform approaches the 
object function, ie. a square wave, 
when the aperture is small compared to 
the length of one half cycle (V < Né) 
and, depending on the aperture type, 
may change to trapezoidal, triangular, 
sinusoidal, or complex waveforms when 
the line-number is increased (compare 
Fig. 122). Omitting again the steady 
component, the amplitude Aj of the 
variational image flux has no fixed rela- 
tion to the average value Ay in the 
half-waves of the variational flux as for 
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Fig. 123. Construction of sine-wave spectrum rj = g(N/N,) from square-wave 
response characteristics (r4¢ or r4j). 


sine-waves, but depends on the harmonic 
components of the wave-form. Both 
values can be measured using constant 
amplitude square-wave 
when normalized to unity at N = 0, 
represent square-wave response factors.° 

The square-wave amplitude response factor 
rag is defined by 


objects and, 


ray Adin) (106) 


The square-wave flux response factor ray is 
defined by 


raj = Adin) (107) 


Where Ay is the average half-wave in- 
tensity of the variational flux-wave and 
may hence be measured with a rectifier- 
type meter. 


Relations Between Sine-Wave and Square- 
Wave Response Factors: In all cases (with 
or without phase shift) the last two- 
thirds of the line-number spectrum can 
only contain pure sine waves. It follows 
that for 

N 2 N,/3, 


rag = 5 rad (108) 


and with (105) 


ray = and ray = (109) 

At line-numbers between N,/3 and 
N./5 the third harmonic (p = 3 in Eq. 
(105)) must be added vectorially to the 
fundamental; below N = WN,/5, both 
jrd and 5th harmonics, and so on. For 
the condition of zero phase distortion 
Op, = pO, (p = 1, 3, 5), which is ob- 
tained with symmetrical apertures, the 


square-wave amplitude at the 
center of the half wave may be computed 
accurately from the series 


4 1 
4 - p 


(p = 1, —3,5, -7,...) 


(110) 


This amplitude is equal to the peak 
amplitude 
wave spectrum has a gradual cut-ofl 
preventing overshoots at edges, which 
requires that the aperture transmittance 


factor rag when sine- 


never be negative 
The square-wave flux 
given accurately in all cases by 


response is 
(111i) 


Conversely, the sine-wave response 
factors may be computed from the 
center amplitude of the square-wave 
response starting with N = WN, and 
Eq. (109) down to N = N,/3; and then 
further down towards N = 0 by pro- 
gressively adding odd harmonics as 
expressed by 


1 


1 
5 + 


ryan) 


52 TYLON) 


(113) 


The first term of Eqs, (112) and (113) 
is shown by broken lines in Fig. 123 
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Fig. 124. Sine-wave and square-wave response factors of circular aperture, 7 = 1. 


which illustrates the construction of 1, 
from measured square-wave center am- 
plitude factors aay or flux response fac- 
tors ray and zero phase distortion, 
The first term alone gives rj accurately 
for N > N./3. Including the second and 
third becomes accurate for 
N>A 
series Eg 
rapidly than that of Eq 


terms, ry 

Inspection shows that the 
(113) converges much more 
(112) so that 
necessary for good 
accuracy when ry is converted from ray 


fewer terms are 
as demonstrated by the dotted curves in 
Fig, 123. When phase distortion has been 
neglected, Eq. (112) will usually give 
higher (113) 
values than the correct sine-wave re- 
sponse. When the angles are 
known, ray can be computed directly 
with 


4 
ral = py) COs 6,) (114) 


(p = 1, 3, 5, ) 


values and Eq lower 
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also 


ry rad pa —0,) (115) 
(p = 3,5,7,...) 


The sine-wave response factor ry and 
square-wave response factors raf and ray 
of several apertures are shown in Figs. 
124 to 127, The difference between 
center amplitudes and square-wave peak 
amplitudes is illustrated in Fig. 127 for 
an electrical spectrum having sharp cut- 
off, 


6. Equivalent Passbands \, and 
Apertures 6, 


It is often desired to indicate the prop- 
erties of an aperture process by a single 
number. In the space domain such a 
number represents basically a length 
which specifies an aperture dimension or 
length of its edge transition, In the fre- 
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Fig. 125. Sine-wave and square-wave response factors of circular aperture, 


7, @eé 


quency domain the number specifies a 
“frequency” or a line-number which has 
the dimension length~'. Because of the 
variety of possible aperture shapes and 
transmittance functions, it is to be ex- 
pected that a single number must refer 
to a normalized aperture shape or spec- 
trum, and that its evaluation will require 
some form of integration of actual aper- 
ture characteristics. The number so 
obtained is by necessity an equivalent 
which is exact in terms of the mathe- 
matical operation by which it is ob- 
tained, but a compromise when specific 
properties of an aperture process are 
considered. In selecting a basis for 
equivalence one must keep in mind that 
an aperture process is generally used to 
reproduce not one, but a variety of 
complex object functions, describing con- 
tours or edges with various shapes, 
intensity differences, and orientations. 
The corresponding Fourier expressions 
represent an infinite variety of sine- 
wave combinations with different line- 
numbers, amplitudes, and phase-rela- 
tions, and even one particular series of 
sine-wave terms with specified line- 
numbers and amplitudes may be com- 
bined to give a variety of widely dif- 
ferent “waveforms” by merely changing 
the phase relation of the components. 
These considerations indicate that a 
representative total of the aperture re- 
sponse might well be obtained by inte- 
gration of its “energy spectrum” rj? = 
g(p,N), the squaring operation being 
required if, as an average, a random 
phase relation is assumed. This integral 


Nap) = Sryptdh = f(elp,N)PdN (116) 


which has the dimension length~! has 
been introduced in Part II (pp. 191 to 
198) and is equal to the area under the 
squared sine-wave spectrum. Because a 
spectrum with constant response (ry = 
1) extending to a line number N, con- 
tains the same total sine-wave energy, 
the measure Nj.) specifies an equivalent 
rectangular passband of the aperture in the 
frequency domain (see Fig. 128). A 
corresponding measure in the space do- 
main is its reciprocal s, = //N,, (1 = 
length unit) which is the length of an 
equivalent rectangular line-transmittance func- 
tion (T = 1) of the aperture. The signifi- 
cance of these equivalents is more fully 
understood from the mathematical rela- 
tions between the frequency domain 
and the space domain. 

The integral N,,,, (Eq. (116)) can be 
measured directly with a square-law 
meter by letting the aperture scan an 
ideal grain structure which is random 
in the scanning direction (x) and uni- 
form in the y-direction (see Fig. 48, Part 
Il), because such a pattern contains an 
infinite spectrum of constant amplitude 
sine-waves in random phase relation. 
Other methods for a direct measurement 
of the equivalent passband are indicated 
by the following relations. The squared 
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aperture response to random intensity 
variations has been discussed in Part II 
(Eq. (27)) and Nx») is equal to the area 
under the squared line-transmittance function 
T, = F(p,x) when the aperture volume 
is normalized to unity: 

1 

A= \dx 


= 


Because of the relations discussed in Sec- 
tion A3, this area and N, are also equal 
to the integral of the squared slope values 
Q"(p,x2) of the normalized edge transition: 


Nos © af. (118) 
A= Sf F(p,x)dx 


Furthermore, because of Eq. (96), N, 
can be expressed in terms of the aperture 
= f(i.n) = f(p,x,y): 


Nw = nf dst f 1(p,x,y 


(119)* 


transmittance: 


= SS f(x,y)dxdy 


The normalizing factors A and V in 
these equations express the “volume” 
of the aperture. (The factor A in Eq. 
(118) becomes unity when the edge- 
transition function Q(p,x2) has the limits 
zero and unity.) 

It is obvious that apertures having cir- 
cular symmetry have an equivalent pass- 
band which is independent of orienta- 
tion. All other apertures have many 
equivalent passbands N,,,). The recipro- 
cal 1/Nup) specifies an effective length 
in the scanning direction; i.e., the length 
of an equivalent rectangular line-transmit- 
tance function T = F(x) = constant. 

The true line-transmittance function 
of the aperture may have a different 
shape and length s, which can be related 
to its NV, = value by the expression 


s, = Kl/Nup) (120) 
where / is the unit of length and K is 
a shape factor computed from and indi- 
cating a line-transmittance or spectrum 
of particular shape (see Part II, Table 
VII). An aperture having a (sin x)/x 
type spectrum has a rectangular line- 
transmittance and hence a shape factor 
K = 1. This shape factor is common to a 
group of apertures (see Fig. 129) 

cluding all apertures with uniform trans- 
mittance having a constant width (y) per- 
pendicular to the scanning direction. A 
triangular line-transmittance has a shape- 
factor K = 1.5 which indicates a dif- 
ferent group of apertures as shown in 
Fig. 129. An aperture base shape can, 
therefore, be recognized only when 
equivalent passbands are given as a func- 
tion of direction. Identical spectra and 
values Ny» in any direction obviously 
indicate a circular aperture. An elliptical 


* Compare the evaluation and expressions for 
N, given in Part IL, pp. 191-198. 
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Fig. 126. Sine-wave and square-wave response factors of circular aperture, 


7, 


or rectangular aperture is recognized by 
maximum 
minimum N,.99°) in perpendicular direc- 
tions. 

The geometric meaning of equivalent 
lengths is illustrated in Figs. 130 and 131 
for an elliptical and a rectangular aper- 
The values N,;,), computed with 
131), are listed 


having one and one 


ture. 
Eq. (117) (see also Fig. 
in Table XXV. The corresponding 
lengths s, computed with Eq. (120) 
for circular and rectangular shape factors 
K = 1.08 and K = 1 respectively are 
indicated in Figs. 130 and 131 by arrow- 
headed lines. It that these 
effective lengths are overall x-dimensions 
of the aperture in the scanning direction 


is evident 


1.54 


(r/rq)? 


diameters. In the 
inscribed 
between all x-dimensions (s,) is the true 


necessarily 
elliptical example, the 


and not 
figure 


aperture because the shape factor of an 
ellipse is K 1.08 and invariable, The 
equivalent lengths computed with K = 1 
rectangular coincide 
with the actual aperture dimensions for 
p = 0° and 90° only, but not in other 
directions where the shape factor is not 
unity as assumed. I[t is not difficult to see 
that the true shape factor cannot always 
be recognized from the spectrum or line- 
transmittance shapes. This does not de- 
general significance of the 
equivalent measure, 

It is in fact often desirable to condense 


for the aperture 


crease the 
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Fig. 127. Sine-wave and square-wave response of electrical filter with sharp cutoff. 
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TABLE XXV. Equivalent Passbands NV _, and Equivalent Lengths s, of Two Apertures. 


Fig. 129. Aperture groups having identical line-transmittances, sine-wave spectra and 
equivalent passbands for a specified orientation (») to the direction (x) of scanning. 
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Fig. 128, Sine-wave spectra and equivalent passbands (N,) of 
an aperture having circular symmetry. 
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peal, 
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INTEGRATION 


the measures into single 
equivalent \, designating an equivalent 
symmetric aperture (see Part II, p. 193). 
Given only the perpendicular values 
Nice and N, representing: maximum 
and minimum values, this single equiva- 
lent is approximated by their geometric 
mean : 


N, = (121) 


Given a number of values specifying 
the function Ni», = Fp), this equiva- 
lent passband N, is obtained as the rms 


value 
( (Fp) do) (122) 


These methods of averaging N,.,) values 
are indicated dimensionally (N, is a 
line-number) and agree with one an- 
other. The integral in Eq. (122) may be 
approximated by a sum of at least four 
values (0°, 45°, 90°, 135°) 

The equivalent length 


Ki/N, (123) 


designates the length of a square aper- 
ture (K = 1, r = 1) or the diameter 6, 
of a circular aperture (having constant 
or variable transmittance (7) as indi- 
cated by the factor K), which have the 
same value \, as the actual aperture. 
The equivalent circular aperture has 
one equivalent spectrum, edge transition, 
and transmittance as defined by Eqs. 
(117), (118), and (119). 

It was pointed out in Part II C-3 that 
the measure N, may differ somewhat 
from a measure No derived by the 
sampling of an ideal grain pattern which 
is random in all directions and has an 
infinite spectrum of constant amplitude. 
The measure No is truly independent of 
aperture orientation. The differences 
arise from the use of sine-wave spectra 
obtained by the scanning of practical 
one-dimensional ‘“‘line’’-patterns. The 
area A = 69/4 of the equivalent circular 
aperture may, therefore, differ somewhat 
from the exact sampling area of the aper- 
ture. For example, both Eqs. (121) and 
(122) give the value V, = 1.71 for the 
elliptical aperture in Table XXV_ and 
Eq. (123) furnishes ¢ = 1.08/1.71= 
0.632 for an equivalent circular aperture 
having r = 1. The computed area A = 
O0.1y is equal to the true area of the 
elliptical aperture. In the rectangular 
case (see Table XXV) the equivalent 


Fig. 130. Equivalent lengths (sp) 
of an elliptical aperture. 
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N. = 1.58 from Eq. (121) gives the true 
area A = 0.4 with the shape factor K = 
1. Equation (122) furnishes VY, = 1.53 
requiring a value K = 0.96 to obtain 
the true area, because of the variable 
trapezoidal shape of the line-transmit- 
tance for directions p other than 0° or 
90°, 

The equivalent passband N,,) of a multi- 
stage process is given accurately by the 
integral 


N, » = tun (124) 


Because of the nature of the response 
characteristics of practical two-dimen- 
sional apertures (lenses, films, television 
tubes), it has been found that the 
equivalent sampling area of a combina- 
tion of these apertures can be evaluated 
with usually less than 5% error by simply 
adding the equivalent aperture areas of 
the components, or as expressed in terms 
of equivalent aperture diameters: 


6, (6,7 + 6.2 + ... 6,7)§ (125a) 
also: 


= (1, + 1/Ne? + 
+ =(125b) 


Equation (125) is exact for circular aper- 
tures with curve transmittance 
r = ¢~'/")* which have an error curve 
spectrum (Fig. 126), The spectrum of a 
system of two-dimensional apertures 
tends to approach this form and can 
therefore be used (see Part II) as an 
equivalent standard characteriste 
having a line-number scale N = N,/1.6. 

The simplified method can lead to 
larger errors when components having 
constant or rising frequency spectra are 
included such as electrical amplifier cir- 
cuits (see Part III). In these cases the 
apertures of the system are grouped into 
“normal” optical apertures which can 
be combined by using Eq. (125) and 
replaced by a standard equivalent error 
curve spectrum, and into special aper- 
tures having “abnormal” spectra, which 
are combined with the equivalent error 
curve spectrum by multiplication (Eq. 
(124)). 


error 


res ponse 


7. Frequency Spectrum of Multiple 
Apertures (Misregistry, Diffraction 
Grating ) 


The transmittance function of a group 
of apertures having a fixed location 
relative to one another is the sum of the 
individual transmittance functions, The 
combined spectrum g(p,N) of the aper- 
ture group in a given direction (p) is the 
vector sum of the individual spectra in 
this direction, modified in amplitude 
according to Eq. (103). The phase dif- 
ference 6, — 6, between the sine-wave 
response of two apertures vanishes at 
N = 0 and increases linearly with N. 
Its scalar value is easily determined 
from the distance d,,, of the aperture 
centers in the scanning direction which 


Schade: 
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Fig. 131. Line-transmittances (Tp) and their squared values c* 4 
rectangular aperture, and equivalent lengths sp = KI/N, for 


corresponds to the line-number Vy.) = 
1/d,,) at which 6; — 6. = 

Misregistry of two identical images 
represents the case of two identical aper- 
tures displaced by a certain distance 
The aperture 
identical and their flux contributions and 


two spectra are 
amplitude scale factors are hence 0.5 
as illustrated in Fig. 132 for an error 
curve type spectrum and for four aper- 
ture distances: d,, = 0, 6/3, 6/2 and 


* An intentional misregistry of this type is the 
widening of a kinescope spot by “spot wobble.”’ 


K = 1, 


6. It is seen that the total response be- 
comes zero at the line-numbers V/Né = 
3, 2, and 1 respectively, at which 6; — 
6, is equal to w; the response of one aper- 
ture cancels the response of the other 
aperture by complete interference, The 
phase-angle @ of the total response meas- 
ured with respect to the center of the 
combined aperture is @ = 0 below the 
first zero. It changes abruptly to @ = 
m for the range between the first and 
second zero, back to 6 = 0 between the 
second and third zero, and so on. It 
can be seen by inspection that the re- 
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Fig. 132. Interference sine-wave spectra obtained with two identical apertures 
in misregistry (square-wave ‘‘spot wobble’’). 
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Fig. 133, Synthesis of interference spectrum of an optical grating 
as the squared sum of component spectra. 


sponse decreases in the same manner as 
a single aperture enlarged in the scanning 
direction, for the spurious re- 
sponse beyond the first which 
could not occur with a single aperture. 

A diffraction grating represents the case 
of a large number of identical rectangular 
apertures uniformly spaced. 
bined aperture spectrum computed in 
the same manner represents, in this case, 
the relative amplitude of the electric 
vector U/ = /\(x) in the image plane (dis- 
cussed later in Sect, B, 1) and its square, 
the light intensity function U* = / = 
/(x). An alternate method of computing 
the combined response of a number of 
rectangular apertures is illustrated by 
Fig. 133. The multiple slot-aperture or 
grating (a) may be considered as a sum 
of centered positive and negative rec- 
tangular apertures (b) of decreasing size. 
The total response is hence the sum of 
their corresponding (sin x)/x spectra (c) 
as shown in Fig. 133, and the obtained 
function (d) squared is the well-known 
relative light-intensity function (e) of 
the grating. 


except 
zero, 


The com- 


Aperture Correction: While it is theoretically 
impossible to increase the resolution of 
an image by a succeeding process, it is 
quite feasible to increase the detail con- 
trast to substantially higher values and 
thus increase apparent sharpness. The 
image may be corrected by equivalent 
operations in the space- or frequency- 
domain. In terms of the spectrum repre- 
sentation of the point-image or aperture, 
a decreasing amplitude response ry = 
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/(N) can be made more uniform (a) by 
multiplication with the spectrum of a 
succeeding having rising 
amplitude characteristic (see Fig. 81, 
Part III), or (b) by addition (and sub- 
traction) of shorter spectra obtained by 
partial integration (diffusion) or dif- 
ferentiation of the original spectrum 
(Refs. 6 and 7; see also Fig. 84 of Part 
IIT). It is obvious that high “‘frequencies” 
beyond the resolution limit of the original 
aperture cannot be recovered, although 
they may be introduced artificially by 


proc css 
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a retouching or “‘crispening’’ process.* In 
the time- or space-domain representation 
an impulse or point-image size is not 
reduced in proportion, but its transmit- 
tance function is altered by addition of 
derived functions to emphasize the high- 
frequency end of its spectrum. Aperture 
correction in photographic processes is ob- 
tained by subtraction and addition of 
shorter low-pass spectra obtained by 
integration ; by subtraction and 
addition of larger point-images. A 
simple correction process is illustrated in 
Fig. 134a by the corresponding line 
transmittances T, and T, and their dif- 
ference T, — T». Subtraction means that 
T, is an aperture having negative trans- 
mittance values. These are possible with 
reference to a positive transmittance 
(density) level which is not shown in 
Fig. 134a. The aperture line-transmit- 
tance —T, is obtained by diffused con- 
tact printing or by a 1 to 1 out-of-focus 
projection of the original, which pro- 
duces a negative image. Superimposition 
of this negative, termed “mask,” in 
registry with the original (assumed to be 
transparencies) causes the subtraction 
T. in a succeeding printing 
process. 

The optimum value T, and the degree 
of diffusion (4) of aperture 2) can be 
determined readily from the correspond- 
ing line-number spectra shown in Fig. 
134b. The aperture spectra (and trans- 
mittances) are approximated by error 
curves. Curve 1 in Fig. 134b represents 
the spectrum of the original image (4,), 
and 2 is the shorter spectrum of the dif- 
fused print (4) differing from curve | 
in amplitude scale line-number 
scale, but not in shape. With two error 
curves drawn on log-log paper, a scale 
change in either coordinate is obtained 
simply by shifting one curve against the 
other. The shifts can then be adjusted so 
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Fig. 134. Aperture correction by subtraction of shorter low-pass 
spectra (larger negative apertures, ‘‘masking’’). 
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that the numerical difference (rj, — 
rJ2) is substantially constant over a con- 
siderable part of the spectrum as shown 
by Fig. 134b. The shift in the frequency 
scale furnishes the aperture diameter 6, 
from N5;/Ngo = 62/6; and the shift in 
amplitude scale is proportional to the 
“volume” of the apertures: 


atN = 0, gi = V;/V; 


It follows that the transmittance scales 
T or 7 are obtained with 


T = cry Na 


T= 
where ¢ is a constant. 


Some of the frequency spectra obtain- 
able by varying ratios of V2/V; or 62/6; 
are illustrated in Fig. 134c. Correspond- 
ing line-transmittances are shown by 
Fig. 134d. 

Constancy of amplitude response over a 
larger range requires multiple masking 
(see Fig. 84 of Part III) and synthesis of 
a (sin x)/x type transmittance, which 
causes transient ripples in edge transi- 
tions as discussed in Part III for elec- 
trical circuits (compare Fig. 85 of Part 
III). Simple electrical “high-peaking”’ 
circuits cause phase distortion and asym- 
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Fig. 135. The first five derivatives of the error integral, 


metric impulse shapes which must be 
corrected by the addition of phase-cor- 
recting circuits. Phase distortion in 
masking processes is produced by mis- 
registry. 

Increased uniformity of the sine-wave 
spectrum and a sharper cutoff can also 
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Fig. 136a. Correction of edge transition by addition of even derivatives. 
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136b. Correction of line-transmittance (impulse) by addition 


Schade: 


of even derivatives. 


be achieved by the addition of spectra 
derived by repeated differentiation of the image- 
intensity function.’ To be operative, 
the function /) = Q(x), as well as its 
derivatives Q’, Q’’, Q’’’, must be con- 
tinuous, This requirement is met by 
most practical processes which tend to 
have apertures with an error-curve line- 
transmittance T, = Q'(x) = (1// we 
It is seen from Fig. 135 that all even 
derivatives are odd functions when the 
original function is an odd function such 
as the edge transition J, = Q(x). The 
even derivatives may be combined to 
form a corrective function 


Tg = (x) + 
(x) +... (126) 


When added to the original function J, = 
Q(x) with suitably chosen coefficients 
Co, C4, Cg, the resultant corrected function 
I, + 1, can be made to approach the 
integral "(sin x)/x|dx, or any one of the 
functions shown in Fig. 89a, An example 
is shown in Fig. 136a, The original 
transition /, corresponds approximately 
to curve 5 of Fig. 89. The corrective 
function J, contains only the second and 
fourth derivatives which, when added 
to the original function, give a good 
approximation to curve 2 of Fig. 89 cor- 
responding to a substantially uniform 
spectrum with sharp cutoff and three- 
fold increase in equivalent bandwidth 
(N,). 

The correction of the impulse signal 
or line-transmittance T = f(x) is illus- 
trated by Fig. 136b. The correcting func- 
tion is again as in Eq. (126) the sum of 
even derivatives; Td = —¢of''(x) + 
(x) +, which is approxi- 
mated by the first two terms with the 
same numerical coefficients cy and ¢, a8 in 
Fig. 136a. The original function f(x) in 
this case is the derivative Q’(x) of the 
edge transition, and an even function 
and its even derivatives are likewise even 
functions. The corrected line-transmit- 
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tance T + T, is a good approximation 
of curve 2 in Fig. 88, Part IIL. 

Phase distortion, in the image signal, 
causes asymmetric edge transitions 
and impulse shapes. Phase distortion is 
corrected by the addition of a series of 
odd derivatives having suitable coefficients 
etc.). A complete 
requires, therefore, in general a series 


correction 


of odd and even derivatives with adjust- 
able coefficients. In practice, the first 
four or five derivatives are sufficient. It 
is not difficult to prove that aperture 
correction by addition of derivatives is 
inoperative when applied to image sig- 
nals obtained with sharply defined aper- 
tures (r = constant, cos’, etc.). This lim- 
itation can be removed by first changing 


the aperture transmittance by diffusion 
(low-pass filter) to permit subsequent 
correction by derivatives. 

It may be said in conclusion that the 
three methods of aperture correction can 
give identical results. None of them can 
restore parts of the spectrum which have 
been lost in a preceding integrating 
process. 


B. CHARACTERISTICS OF IMAGE-FORMING DEVICES AND SYSTEMS 


The “perfect” image is defined optically 
as an image in which the light-intensity 
distribution is determined by diffraction 
alone. Stated in the language of the 
communication engineer, a “perfect” 
optical image has a Fourier spectrum 
determined by the characteristics of its 
cutoff filter alone, the sine-wave response 
factor of its transducing elements being 
unity within the passband of the system. 
In analogy with electrical systems, the 
cutoff filter of an optical lens is the lens 
stop which limits the optical passband by 
diffraction, and the glass elements of the 
lens serve a purpose similar to the 
transducing elements of a wide-band 
guiding 
“vibrations” through the system. The 
optical term “perfect” is, therefore, not 
applied to the lens as a whole but to 
aberration-free focusing elements which 


amplifier in electromagnetic 


have a sine-wave response factor of unity. 
From a more general point of view, a 
“perfect system” is one in which the 
transducing elements and filter elements 
are designed as a unit, so that the sine- 
wave amplitude response of the entire 
system (which is the product of its com- 


ponent spectra) is without phase distor- 
tion and as uniform as consistent with 
the desired transient response. This gen- 
eral definition is not limited to a rec- 
tangular spectrum with abrupt cutoff, 
which is the mathematical concept of a 
perfect spectrum utilization. It does not 
seem impossible that this approach could 
also lead to optical designs with more 
desirable characteristics. 


1. The ‘‘Perfect’’ Lens 


The following discussion of the “per- 
fect” lens is based on the well-established 
principles of wave theory and makes use 
of the aperture theory developed in 
preceding sections to compute the sine- 
instruments 
which depart in a number of ways from 
the electrical concepts of a perfect spec- 
trum, 


wave spectra of optical 


(a) The Point-Image 


A point source of monochromatic light 
is a system of dipoles of atomic or mo- 
lecular dimensions radiating spherically 
expanding electromagnetic waves. The 
system of dipoles is so small compared 


‘) FOURIER SPECTRUM FOR INCOHERENT LIGHT 
rZ(N) 
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0051 
N/N 
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Fig. 137. Diffraction and ‘‘U-wave”’ at the lens stop, point image, 
and spectrum of the perfect lens. 
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to the distance to the point of observa- 
tion that it is not resolved, and appears 
therefore as a point source of radiation. 
The oscillator frequency is in the order 
of 600 million megacycles (A = 0.0005 
mm). The radiation 
reaches the lens-aperture as a plane-wave 
as indicated in Fig. 137. 

According to Huygens principle, every 
point in a wave-front can be regarded as 
a secondary source of radiation. All 
secondary point sources oscillate in per- 
fect synchronism and in phase. The plane 
of the lens aperture can, therefore, be 
treated as a source of cophasal radiation. 
The radiation may be grouped into 
beams of parallel rays, leaving at various 
angles 6’ with respect to the normal ray 
direction. A “perfect’’ lens (LZ) focuses 
each ray-beam to a mathematical point 
on the image plane. The electric intensi- 
ties at these image points, however, are 
not alike, because the phase relation 
within the beam of parallel rays varies 
with the angle 6’. This phase relation is 
that existing in a “reference plane” per- 
pendicular to the beam, before it enters 
the lens. It is caused by the differences in 
the optical-path lengths between the 
aperture plane and the reference plane. 

The lower left part of Fig. 137 illus- 
trates the relative electric intensities in 
the reference plane at a particular instant 
for rays leaving the aperture plane at an 
angle 6’ = sin~! (A/é), which causes a 
phase difference of +180° between the 
outer rays a and ¢ with respect to the 
central ray c. 

The electric-intensity distribution 
forms a sine-wave line pattern which, in 
this case, has two half-waves within the 
aperture diameter 4, i.c., it has a relative 
line-number = 2. Because is 
very small compared to 4, the relative 
line-number of this sine-wave field is 
directly proportional to 6’, and the 
reference plane has the area and shape 
of the lens aperture. The sine-wave field 
is not stationary but scans the reference 
plane with light velocity because of the 
progression of wave-fronts through the 
aperture. The resultant vector amplitude at 
a focal point on the image plane is hence 
the maximum value of the integral of the 
products of sine-wave field intensities and 
aperture chord lengths as expressed by 
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Eq. (100). Its variation with 6’ is recog- 
nized as the sine-wave response of the 
aperture to line-numbers V/N6 varying 
from zero to infinity. Stated mathe- 
matically, the electric vector amplitude u at the 
image plane is the sine-wave spectrum (trans- 
form) of the lens aperture: 


U =1j(N/Ns) = N/Ns) (127) 


This function describes the electric vector 
point-image. 

The light intensity or relative energy is 
proportional to the square of the electric 
vector: J « Ul. The transmittance function 
of the energy point-images is hence the 
squared sine-wave spectrum of the lens aper- 
ture: 


T=r = f(r/ro) = N/Ns) (128) 


The energy point-image for a circular 
aperture is the “airy disc” or “star” 
image. The reference radius ro (see Fig. 
137) for the point-image is established 
for N = Ns from the trigonometric 
relations sin 6’ = 0.5/6, and sin 0’ = 
tan 6’ = ro/F’ (F’ is the focal distance). 
Equating these two expressions furnishes 
the reference radius corresponding to 
NV, of the aperture spectrum: 


ro* = O.5AF'/6 = tan u (129a) 


Equation (129a) is valid when tan u = 
sin u, ie. for relative apertures f: = 
F'/6 = 2. When the half-angle u becomes 
large as in microscope objectives, Abbe’s 
sine condition n’r’ sin u’ = nr sin u must 
be fulfilled for conjugate object and 
image points at all lens zones, which 
results in the more general relation: 


ro = /4n sin u (129b) 


where n is the index of refraction of the 
medium in which the object is immersed 
(n = 1 for air) and u the half-angle of 
the cone of rays accepted by the aper- 
ture. 

Vector amplitude and transmittance of 
the near axial vector and energy point 
images caused by diffraction and inter- 
ference phenomena in a “perfect’’ lens 
are transforms and squared transforms of 
the lens aperture. Size and shape of these 
point images are therefore controlled by 
the form of the lens stop (round, elliptical, 
Sy. 4, ete.) and can be modified further 
by changing the lens-stop transmittance 
(cos*, exponential, etc.). The modifica- 
tions obtainable can be assessed by com- 
paring the spectra or the 
squared sine-wave spectra respectively of 
these apertures (compare preceding sec- 
tion and apertures #1 and #3 of Fig. 
120). 

The point image for off-axis points in- 
creases in both radial and tangential 
directions by scale factors depending on 
the angle ww included between image 
point and lens axis. In the tangential 
direction (perpendicular to the ray 
angle), the scale factor is 1/cos uw because 
of the increased focal distance (F’, = 
Fo/cos uw). In the radial direction the 
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Fig. 138. Sine-wave spectrum of ‘‘perfect’’ lens, monochromatic light, 
on axis (u = 0°). 


scale factor 
1/cos* yw, because of 1) the increase in 
focal distance to F’,, 2) the inclination 
of the image plane, and 3) because the 
aperture plane contracts by a factor 
cos w which results in a larger angle 
6’, = 6'9/cos w. The reference radius 
of the point-image is therefore in general 
for the radial coordinate : 


image is stretched by the 


ro* = 0.5K f:)/cos? u, or 

ro = X/4N.A. cos*y 
and for the tangential coordinate : 
ro* = 0.5X(f:)/cos u, or 

to = A/4N.A, COS 


(130) 


where N.A. = n sin u is the numerical 


aperture of the lens. 


(b) Sine-Wave Response Characteristics of 
the Point Image. 


Effects of Light Source: The sine-wave re- 
sponse characteristic of a point-image 
may be computed as in Section A by 
letting the line transmittance of the point 
image scan a sine-wave line 
patterns. The double integration, one 
parallel to the line direction to obtain the 
line transmittance, the other in the direc- 
tion of scanning, is based on the assump- 
tion that contributions to the intensity of 
an image point from different point images 
can be added directly. A direct addition of 
light energies (/) from different points is 
permitted when the corresponding elec- 


series of 


tric vectors (U = 4/1) have a random phase 
relation. This condition is obtained 
optically when different object points are 
illuminated by different point sources of 
light, or by an extended source, or in 
sequence by a single. point source as in 
the kinescope of a television system. The 
illumination and radiation of different 
object points is then and 
incapable of interference. It follows that 
a simultaneous illumination of all points 
in an object plane by a single point 
source of light is a coherent illumination 
which can produce interference effects 
due to phase differences when the syn- 
chronous secondary radiation from dif- 
ferent object points is combined. Coher- 


**incoherent”’ 
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ent illumination is limited in practice to 
microscope objects and requires an addi- 
tion of vectors (L/) rather than relative 
energies (J) when computing point- 
image integrals (see further down), 


Sine- Wave Response for Incoherent Radiation: 
The sine-wave response characteristic of 
a point image is its Fourier transform 
which can be computed from its line 
transmittance. Because the energy point 
image of a “perfect’’ lens is equal to the 
squared transform of the lens aperture, 
the sine-wave spectrum of this point- 
image is more readily evaluated as the 
inverse transform of the product of two 
equal transforms, which correspot."s to a 
convolution or cascading of the lens aper- 
ture with an identical aperture as discussed 
and illustrated by Fig. 112 in See, A,2. 
Except for a scale factor, the sine-wave 
response ry of a perfect lens is identical 
with the transmittance function 7,, = 
/(r/r)) along a radius of the aperture 
body obtained by cascading the lens 
aperture with itself; 


ry = g(p, N/N,) 
fip, 


outside diameter of lens stop. 


(131) 


where 2r, 


The lens aperture has normally a con- 
stant transmittance, The sine-wave spec- 
trum (Eq. (131)) may then be computed 
with Eq. (95a). A circular lens stop with 
uniform transmittance gives the spectrum 
illustrated by the cascaded transmittance 
ri.o in Fig. 112, a circular stop with a 
blocked-out center gives a spectrum of 
the type shown in Fig, 115, while a rec- 
tangular stop will have a triangular spec- 
trum in the directions parallel to its 
sides. There is no lens-stop shape or 
transmittance which will result in a rec- 
tangular spectrum with incoherent light, 
because two identical apertures in cas- 
cade will always have a transmittance 
peak Ti.imex When in register, corre- 
sponding to V/N, = 0, and because the 
tvansmittance function of two apertures 
in cascade, would have to have negative 
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Fig. 139, Line-transmittance of “‘perfect’’ lens, 
monochromatic light, 4 = 0°. 


portions which is impossible for energies. 
These conclusions are restricted to inco- 
herent light and an optically “perfect’’ 
lens design meaning that the lens ele- 
ments are free of aberrations, and have 
a constant sine-wave response factor of 
unity 

The reference line-number Ng which cor- 
responds to the diameter 2r, of the ef- 
fective lens stop is the reciprocal value 
of the reference radius ro of the point- 
image as discussed in connection with 
Eq. (129). Expressed in lines per milli- 
meter and including off-axis positions of 
the point image, the limiting resolution 


N, 1/ro is obtained from Eq. (130), 
For the radial direction: 
N,* = 2000 (cos* w)/:, or 
N, = 4000 N.A, cos® 
For the tangential direction N,* =) (13la) 


2000 (cos or N, = 
4000 N.A. (cos 


where 


N, = limiting resolution in (television) 
lines per millimeter 
angle included between 
point and lens axis 
X} @ wavelength of light in microns 
imited to relative apertures /; 2 /:2 


image 


The sine-wave response (rf) as well as 
the square-wave response factors of the 
“perfect” lens are shown in Fig. 138 
for monochromatic light and ~ = 0°, 
Its line-transmittance T, computed by 
a 10 term harmonic synthesis from this 
spectrum, is shown in Fig, 139 

In practice the object illumination is 
seldom monochromatic but extends over 
a range of wavelengths with varying 
relative energy which may be modified 
further by the spectral sensitivity of a 
photo sensitive image surface in a camera 
or the eye. Equations (130) and (13la) 
show that the radius of the point-image 
as well as the line-number scale of the 
sine-wave spectrum of the perfect lens 
(zero chromatic aberration) are functions 
of wavelength (A). The sine-wave re- 
sponse for an extended wavelength range 


is, therefore, obtained by dividing the 
range into incremental sections and com- 
puting the sine-wave spectra for the cen- 
ter wavelengths of each section. After 
multiplying the response factors by the 
respective relative energy value of the 
section, the response for like line-numbers 
is added and finally normalized to give 
rf = lat N = 0. The sine-wave spectrum 
rf as well as the square-wave response 


factors of the perfect lens computed for 
“white light” (constant energy spectrum 
from A = 0.4 to 0.74, and zero outside 
these limits) are shown in Fig. 140.* 
The sine-wave spectrum obtained for a 
relative energy distribution equal to the 
luminosity curve of the eye is shown in 
Fig. 141. Comparison of these charac- 
teristics with Fig. 138 shows that the 
“white-light” response does not have a 
sharply defined resolution limit (finite 
slope) as obtained for monochromatic 
light, although the mathematical limit 
N/N, = 1 occurs at a definite line- 
number, determined by Eq. (131a) for 
the shortest wavelength of the spectral 
range. 


Sine-Wave Response for Coherent Radiation: 
Microscopic objects can be illuminated 
with coherent light from a point source. 
The direct addition of energy point- 
images is no longer permitted because of 
the fixed phase relations between vectors 
from different object points. In the sim- 
plest case, the illuminating point source 
is located on the optical axis and by 
means of a condenser the object is illu- 


* The response characteristic, Fig. 45 in Part 
II, was obtained by an approximate method and 
should be replaced by the exact characteristic 
in Fig. 140. 
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Fig. 140. Sine-wave spectrum of ‘‘perfect’’ lens, ‘‘white”’ light, u = 0°. 
VISIBLE SINE-WAVE SPECTRUM OF 
PERFECT” LENS (ON AxiS, #=0) —4 
s (CONST. ENERGY LIGHT SOURCE 
MODIFIED BY LUMINOSITY CURVE 
x OF EYE) NC=10000 NA, Ne=0.1I95 Nc 
WwW 
| 
! 
° 
0.2 08 


4 6 
RELATIVE LINE-NUMBER N/NC 


Fig. 141. Sine-wave spectrum of ‘‘perfect’’ lens, for visible light, 4 = 0°. 
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142a, Block diagram of imaging processes by a lens for coherent and incoherent light. 


minated with parallel cophasal light. All 
object points are now synchronous co- 
phasal oscillators. Their spherical radi- 
ation is converted by aberration-free 
front lens elements into plane-waves at 
the lens aperture in which every point is 


again considered as a point source of 


spherical waves as discussed in the pre- 
ceding section. The aberration-free lens 
elements following the aperture focus the 
parallel ray beams from each object point 
at corresponding points on the image 
plane, forming vector  point-images 
(curve U in Fig. 137). Because the phase 
of the resultant vector of parallel ray 
beams originating at different object 
points, but reaching the same image 
point, is identical (for a “perfect” lens), 
the total amplitude at an image point is 
obtained by a direct addition of vector 
their squared 
Image-intensity functions are 
taking first the 
intensity- 
function to obtain the object vector func- 
tion. This function is modified by the 
aperture process of the vector point-imaue, 
furnishing the vector-image function 
which is finally squared to obtain the 
image-intensity function. The difference 
between incoherent and coherent illu- 


amplitudes (instead of 
values) 
hence computed by 


square root of the object 


mination is represented by the block- 
diagrams, Fig. 142a, where the square root 
and squaring operations are assigned to 
}-power and square-law transfer-char- 
acteristics in appropriate sequence with 
a low-pass filter representing the aperture 
process. The sine-wave spectrum of the 
filter for incoherent illumination is the 
transform of the energy point-image. (Com- 
pare #4 of Fig. 120.) For coherent illu- 
mination, the passband of the filter is 


the sine-wave spectrum of the vector point- 
image. (Compare #2 of Fig. 120.) Because 
the latter is the transform of the lens 
aperture, the spectrum of the vector 
point-image is directly the transmittance 
along a radius of the lens aperture. The 
sine-wave spectrum of a “perfect” lens 
used with coherent monochromatic il- 
lumination has therefore a rectangular 
shape with an abrupt cutoff at \, for all 
lens stops having uniform transmittance 
(r = 1) and diametric symmetry (circle, 
rectangular, parallelogram, etc.) 

N<N, 

ry=0, N>N, (132) 
Because the aperture diameter is the 
inverse transform of the point image, the 
cutoff resolution (see broken line curve 
in Fig. 138) for axial coherent illumina- 
tion is one-half that for incoherent light: 

N, = 2000 N.A./X 
for f: 2 f:2, 

N, = 1000/hf: 


(133) 


The differences in resolving 
(N,) and amplitude response for coherent 


power 
and incoherent illumination are illus- 
trated by the photographs Fig. 142b and 
142¢ respectively, taken with a 42-mm 
objective having a square stop of 2-mm 
side length. The line-number scale of the 
patterns is to be multiplied by 2.5 to 
obtain television millimeter. 
Note the 
square lens aperture in the diagonal 
direction (Fig. 142b) when the pattern is 
turned 45°; and also the increase in 


lines per 


increased resolution of the 


resolution and loss of amplitude with 
incoherent illumination in Fig. 142c. 
It is obvious from Fig. 142a that co- 


herent illumination causes distortion of 
large 
percentages of the object 


image intensity functions for 
“modulation” 
illumination i.e, for high contrast objects, 
The distortion decreases with decreasing 
contrast because small sections of the two 
transfer characteristics are substantially 


linear. 


(c) Edge Transition (Monochromatic Light) 


The edge transition of the “perfect” 
(104) 


transmittance 


lens is obtained according to Eq 
by integrating its line 
(Fig. 139), which can be obtained by a 
harmonic synthesis from its sine-wave 
spectrum (Fig. 138). 

The edge transition A/, obtained with 
incoherent monochromatic light is shown 
in Fig. 143. For coherent illumination, 
the line transmittance of the vector 
point image (curve U in Fig. 137) is a 
(sin x)/x function for all directions, 
According to the diagram, Fig. 142a, edge 
transitions are obtained by first taking 
the square root of the object step func- 
tion J; + Al, to obtain the object vector 
step function U/, + AU, which depends 
numerically on the steady level /;, When, 
for example, /, Al, = 0.5 the cor- 
responding vectors are U, = 0.5 and 
AU, = 1 V0.5. The vector image is 
obtained by scanning the step with the 
(sin x)/x line transmittance of the vector 
point image (see Eq. (104)) and has the 


1 (si 
form AU, = f da dx, Before squaring 
x 


to obtain the intensity 
steady value L/, must be added to Al’, 
The results obtained for /; 0, Ai; = 
0.5 and J, = 0.5, AJ; = 0.5 are shown in 
Fig. 144 and demonstrate the distortion 


function, the 
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Fig. 142b. Test pattern images formed with coherent light by a 42 mm lens with square stop of 2 mm side length for pattern orientation 


of symmetry caused by the squaring 
operation for a high-contrast step (100 
per cent for /; = 0) in comparison with 
a 5O per cent contrast step, as stated in 
the preceding section, The examples 
demonstrate also in general the effect of 
operating bias (/;) and nonlinear trans- 
fer characteristics (y, = 0.5 and y. = 
2, see Fig. 142a) on the waveform distor- 
tion 


(d) Equivalent Passbands (N,) for 
Incoherent Light 


Integration of the squared sine-wave 


22> 


“ue. 


wo 


p = O° and p = 45°. 


spectra (Figs. 138, 140 and 141) fur- 
nishes the equivalent passbands for cir- 
cular lens stops, r = const. and u = 0: 


Naw = 0.271 N, (monochromatic) 

Nuo, = 0.213N, (“white,” const. 
energy, 0.4-0.7 yw) 

Nao = 0.195N, (“luminosity” 
spectrum ) 


‘ 


For off-axis positions, the “perfect” lens 
has an elliptical point-image with major 
and minor axes in the radial and tangen- 
tial directions. The corresponding N,- 
values are 


Fig. 142c. Test pattern image formed with incoherent light by 
the same lens used for Fig. 142b. 


Naw) = cos* (135) 


New = Naw cos 
The symmetric equivalent NV, obtained 
with Eq. (121) is hence 


N, = Naw cos* (136) 


With respect to the /: number or numeri- 
cal aperture (N.A.) of the lens, Eq. 
(131) furnishes the following relations 
for monochromatic light: 


N* = 542/hf:, or 
Naw = 1084 N.A./ (137) 


For “white” light having a constant 
energy spectrum between A = 0.4 yu 
and A = 0.7 yw and for light having a 
luminosity weighting, the equivalent 
passbands for u = 0 are closely: 

N* «0, & 1065/ /:, or 

Naw = 2000 N.A. (white) 

N* ~ 975/ or 


Nu 1830 N.A. (luminosity ) (138) 


Off-axis conditions are obtained with 
Eqs. (135) and (136). The units in these 
expressions are: N, in (television) lines/ 
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Fig. 143. Edge transition of ‘‘perfect’’ 
lens, monochromatic light, incoherent 
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Fig. 144. Vector and intensity functions 
of edge transitions obtained with mono- 
chromatic light and coherent illumina- 
tion, showing the distortion of step-func- 
tion signal Al, caused by squaring the 
vector function U, + Au, when the 
“‘modulation”’ is high (I, = 0). 


mm, A in microns. The asterisks indicate 
values limited to f: 2 f:2. 


(¢) Characteristics of Practical (‘‘Imperfect’’) 
Lenses 

The performance of a “perfect” 
optical or electrical lens is seldom 
realized in practical instruments of larger 
aperture, because it is difficult to main- 
tain an undistorted wave front within 
fractions of a wavelength for large solid 
angles, an extended field, and over the 
frequency range of the radiation. The 
sine-wave spectrum of the imperfect 
practical device is the product of its 
theoretical diffraction spectrum (7,(N)) 
caused by its boundaries (lens stop) and 
an aberration characteristic 7,(N), which 
takes the place of the “flat”? amplitude 
spectrum of the perfectly corrected in- 
strument as illustrated by Fig. 145. The 
aberration spectrum *,(N) = g(p,N) is hence 
a measure of the degree of correction 
achieved in the instrument. It is ob- 
tained by dividing the sine-wave spec- 
trum rj(N) of the instrument by its 
theoretical diffraction spectrum: 


fal N) = N) 


The direct calculation of wave-front 
distortion and aberration factors is 
rather involved and beyond the scope of 
this paper. The measurement of sine- 
wave spectra of practical devices, how- 
ever, is comparatively simple and fur- 
nishes all the information required for an 
accurate system evaluation. 


(139) 


2. Photographic Systems 


The elements of conventional photo- 
graphic systems are lenses, photosensitive 
grain structures, and viewing screens, 
which can be described in the space 
domain or by their sine-wave spectra. 
Given their sine-wave spectra, their com- 


Schade: 


bination by multiplication is straight- 
forward and is illustrated by examples 
given in Table IX, Part II, p. 208. 

It has been pointed out (Part II, pages 
188-191) that photographic film is not 
a single aperture process, because the 
optical properties of its crystal structure 
during exposure are quite different from 
those of its grain structure after develop- 
ment. The degree of development is not 
necessarily uniform and grain sizes can 
vary as a function of exposure and den- 
sity distribution. 

The diffusion and diffraction of light 
by grain layers is a function of density, 
distances, wavelength and coherence of 
the printer or projection light. The over- 
all sine-wave image spectrum of an 
exposed and developed 
emulsion depends, therefore, on many 


photographic 


parameters which must be closely con- 
trolled to obtain consistent results. Even 
then the spectrum is not perfectly inde- 
pendent of exposure because the spec- 
trum of the developed grain structure 
(second aperture effect) decreases with 
density as illustrated by Fig. 146. The 
spectra shown in this illustration were 
obtained by projecting constant-ampli- 
tude sine-wave patterns on uniformly 
exposed film, and measuring the ampli- 
tude of the diffused image. Aperture 
variations are not unique to film; they 
occur in lenses and in television camera 
tubes and kinescopes, where both elec- 
tronic and optical effects cause spot sizes 
and spectra to vary as functions of 
intensity and intensity distribution in the 
object. In good designs these variations 
are reduced to acceptable values which 
can be specified, if necessary, by a family 
of spectra or N,-values against representa- 
tive parameters. 

Data on the sine-wave image spectrum 
of photographic emulsions (not to be 
confused with their “noise”? spectrum) 
are to this date unavailable from film 
manufacturers. Measurements made by 
the author in 1948* on commercial film 
types such as plus X, super XX, micro- 
film and Kodachrome at various expo- 
sure levels, as well as measurements on a 
number of phosphor grain structures for 
kinescopes, confirmed that their point 
image is determined substantially by an 
exponential law of light diffusion (r = 
e~v'ro) as discussed in connection with 
Fig. 46a and b, Part II, p. 190. A refer- 
ence to published film ratings could be 
established only through the resolving 
power (N,,), which was found to be the 
line-number giving a 2% sine-wave 
response. “For want of a better value”’ 
this relation was used to refer the specific 
line-number scales of the measured films 
to the general diffusion characteristic 
representing normal grain structures 
(Fig. 46a, Part II, or Fig. 125). This cor- 
relation does not exist when the point- 
image transmittance of the grain struc- 
ture does not obey the diffusion law, or 
when selective effects occur in the de- 
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Fig. 145, Sime-wave spectrum and 
aberration spectrum of an “‘imperfect’’ 
lens. 


velopment. The sine-wave spectrum of 
film types should therefore be 
investigated by measurement. A similar 
comment must be made regarding lens 
performance. The actual sine-wave spec- 
tra of practical lenses depart so much 
from those of the “perfect”’ lens, that one 
must rely entirely on measurements. It 
is hoped that both film and lens manufac- 
turers will eventually supply this informa- 
tion together with other data, to facili- 
tate evaluation of systems using lenses 
storage in 


other 


and image photographic 
emulsions, 

Numerical values (measured) for a 
number of photographic processes will be 


given in a later section 


3. Television Systems 


Point-Images Impulse-Functions and 
Sine- Wave Spectra 

The point-image of an electrical cir- 
cuit or system is its response to a “unit 
impulse”? of infinitesimal duration. The 
impulse or time-function / = /(t) of 
electrical their 
“aperture’’-functions, and can be com- 
bined by convolution (cascading) as dis- 
cussed in Section A, 3. The time ¢ cor- 
responds to the displacement x in the 


circuit’ clements are 


OBSERVING MICROSCOPE FOCUSED We 
ABOVE CENTER OF GRAIN LAYER 


+) 


° 


406 
LINE NUMBER 


OBSERVING MICROSCOPE FOCUSED ON GRAM LATER 


RESPONSE FacToR (+ 


NUMBER 

Fig. 146, Spectra of diffusion caused by 
the grain structure of developed super xx 
film upon illumination with directed light 
(second aperture effect) for an out-of- 
focus condition (contact printing) and an 
in-focus condition (projection printing ). 
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Fig. 1472. Horizontal and vertical com- 
ponents of a sine-wave pattern forming 
an angle » with the direction of scanning. 


WiTENSITY 


+ 


Fig. 147b. Topographic representation of 
point-image transmittance r = f({, 7) of the 
‘‘perfect’’ television system for N.(h) = ny. 


scanning direction. Because electrical 
circuits have one dimension only, the 
impulse function is single-valued in a 
linear system and is, therefore, the line- 
transmittance of the circuit. J = f(t) = 
F(t) (Pigs. 88 and 93 of Part III). The 
impulse-function and its transform, the 
“frequency” spectrum 12,0 = g(w) = 
g(p,N) are hence directly reversible. A 
rectangular impulse, for example, has a 
(sin x)/x type spectrum, and a (sin x)/x 
impulse has a rectangular spectrum 

An area, i.c. a two-dimensional func- 
tion, is transmitted in conventional tele- 
vision systems by scanning along close- 
spaced parallel paths forming a horizon- 
tal line-raster. The image function has, 
therefore, horizontal components (x = 
Ah) and vertical components (y = 0), 
which have been modified by the im- 
pulse-function of the circuits and the 
raster-function of the system respectively 
as discussed in Part III, B and C, of this 
paper, 

The optical sine-wave spectrum ry(p) = 
g(p.N) of a television image is deter- 
mined in general by the scanning method 
which is specified for line rasters by the 
pitch distance or its reciprocal, the raster 
constant (n,), the spectra 
and ryy) of two-dimensional 


sine-wave 


ry the 


14 


t 


analyzing and synthesizing apertures 6, 
and 4, preceding and following the 
raster process, and by the sine-wave line- 
number spectrum of the electrical sys- 
tem. Because of the fixed scanning direc- 
tion (horizontal), an optical sine-wave 
pattern oriented at an angle p with 
respect to the scanning direction (see 
Fig. 147a) and having a line-number 
Ni), can be split into vertical and hori- 


zontal components having the line 
numbers 

N, = Nw) sin p 
and (140) 


Ny = No) cos p 


It is obvious that rotation of a pattern 
Ny) from p = 90° causes 
N, and the corresponding electrical fre- 
quency /;,) (see Eq. (61)) to change from 
a maximum to zero, while the component 
N, increases from zero to the maximum 
N, = No at p = 90°. The sine-wave 
spectrum of the electrical system, therefore, 
modifies the spectrum of the television image 
in all directions, and its effect is a maximum 
in the horizontal direction (p = 0), and 
zero in the vertical direction (p = 90°), 


0° to p = 


Continuity Requirements and Restrictions of 
the Vertical Aperture-Spectrum 


It will be assumed that the value of frame 
frequency, phosphor decay time, luminance 
level and interlacing (if used) have been 
chosen such, that the sequential generation of 
the retinal image occurs within the storage time 
of the visual process, in order that it may be 
regarded equivalent to a simultaneous presenta- 
tion of one frame. The two-dimensional 
aperture process 6, (kinescope and eye) 
following the raster process has to per- 
form the function of establishing con- 
tinuity in the vertical direction of the 
retinal image. Its resolving power N,,) 
must, therefore, be limited to the value 
2 n, to eliminate the carrier-fre- 
quencies n, multiples of 
the raster “‘pulse-wave,”’ which other- 
wise would cause a disturbing line-struc- 
ture (flat field condition stated by Eq. 
(56a) Part II1). 

A mathematically complete elimina- 
tion of all spurious modulation compo- 
nents (sidebands, beats) requires that the 
, and of both 
aperture processes, preceding and follow- 
ing the raster process, be restricted to 
one-half the value producing a “‘flat’”’ 
field, i.c.: Nyy = Ni n,, as illus- 
trated by the raster characteristic, Fig. 
70 of Part III.*. 


and integral 


resolving power N, 


The “ Perfect” Television System 


The line-transmittances of the mathe- 


* This requirement is well known from carrier 
modulation theory, which states that a modula- 
tion spectrum limited in frequency by a filter 
(a) to one-half the carrier frequency can be 
recovered without distortion when the demodu- 
lated output is limited by a filter (b) to one-half 
the carrier frequency 


matically “perfect” scanning apertures 
are readily determined in the frequency 
domain. The vertical sine-wave spectrum 
of both apertures, preceding (camera) 
and following (kinescope) the raster 
process, must be uniform from N = 0 
to the cutoff line-numbers V.,) = V4) = 
n,. The overall spectrum of the system 
is the product of these two “rectangular” 
spectra and an identical spectrum of con- 
stant response (ry = 1) from N, = 0 to 
Nu = n, The equivalent vertical 
passband of the mathematically “per- 
fect” system has the value Ni»), = n,. 
In the space domain, rectangular fre- 
quency spectra correspond to (sin x)/x 
type line-transmittances (impulse func- 
tions) which have a length s, between 
Ist zero points equal to s, = 2x9 = 2/N, 
(compare Fig. 88, Part III). Because of 
the restriction = N.4) = n,, the 
length s, of the two (sin x)/x type aper- 
tures is equal to twice the raster pitch 
distance 
(141) 


s, = 2/n, 


In the horizontal direction a \ine-raster 
provides continuity along the scanning 
lines. The spectrum of the mathemati- 
cally “perfect” television system should 
be “flat”? and limited by a sharp elec- 
trical cutoff. An electrical filter having 
a rectangular passband has a (sin x)/x 
line-transmittance, which has a length 
5, = 2/N.). The scanning apertures 
must therefore have either an infinitesi- 
mal width in the scanning direction or a 
(sin x)/x line-transmittance, identical to 
or of smaller width than that of the elec- 
trical filter. It follows that the scanning 
apertures of the “*nerfect” 
television system have a (sin x)/x line-trans- 
mittance in both directions with lengths s, = 
2/n, and s, S 2/N.) between first zero 
points. The aperture of the entire system 
is identical with either scanning aper- 
ture, because any number of identical 
(sin x)/x apertures can be cascaded with- 
out degradation of their spectrum. The 
transmittance r = f({,n) of the two- 
dimensional aperture is shown in Fig. 
147b. It is calculated as the product of 
two crossed line-images having (sin x)/x 
type cross sections. The three-dimen- 
sional spectrum representation of this 
aperture is a rectangular solid with side 
lengths (double spectrum lengths) 2N,,,) 
and 2n, respectively and a diagonal 
= + The equiva- 
lent passbands of the perfect system hav- 
ing rectangular frequency spectra are, 
therefore: 


mathematically 


Nar. Numa = New 


and the rms value (Eq, 122) is (142) 


Nun = (; 


The image transmitted by this system is 
similar to that obtained with a “perfect” 
optical system having a rectangular lens 
stop and used with coherent monochro- 
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matic light (compare Fig. 142b, also 85a 
and 85b, Part II1). The image has iden- 
tical resolution and edge transients, of 
13.8% peak-to-peak amplitude in both 
horizontal and vertical directions when 
n, = N.). Its resolution increases by 
V 2 for p = 45° as shown in Fig. 142b. 
The transient amplitudes can be adjusted 
to lower values by modification of aper- 
ture shape and cutoff sharpness in the 
desired direction, as shown in Figs. 86 to 
89 of Part III. Gradual cutoff charac- 
teristics beginning near N = 0, such as 
shown in Fig. 86a or 87a, give a better 
shaped and less visible transient than 
partially flat characteristics having equal 
equivalent passbands and a steeper sinu- 
soidal cutoff. Aside from the variation of 
transient visibility (see below), the per- 
formance of the mathematically “perfect” 
system is independent of the viewing dis- 
tance. 

It is worth mentioning that a point- 
raster process (similar to a printing proc- 
ess) employing apertures with (sin x)//x 
type line-transmittances in both x and y 
directions, will provide an_ identical 
structure-free image, which can be trans- 
mitted as a series of independent scalar 
quantities equal in number to the total 


number of raster points in the frame area. . 


“Imperfect” Practical Systems 


The line-transmittance and sine-wave 
spectrum of actual scanning apertures 
(camera tubes, kinescopes) are repre- 
sented closely by error functions (com- 
pare Part III, Figs. 94 to 97). The limit 
of resolution (N_) is approached asymp- 
totically. Because of excessive loss of 
amplitude response it is impractical to 
eliminate spurious signals completely in 
the vertical direction by letting NV...) = 
n,. “Vertical” aperture correction proc- 
esses which can construct the (sin x)/x 
apertures of the perfect system from de- 
graded apertures are not in use at this 
time. It is, therefore, of interest to 
examine the practical condition of a 
gradual and imperfect cutoff at N = n,, 
which is used to gain normal aperture 
response at the expense of some spurious 
response, 

When both NV,,,, and N,4) are made 
smaller than 2n,, the spurious response 
consists of difference line-numbers: N,= 
N, or in relative units N,/n, = 


2n, 
2 — (N/n,). This condition is obtained 
with error curve spectra when their 
equivalent passband is smaller than 0.67 
n, a8 shown in Fig. 148*. The normal 
fundamental response of the system in the 


vertical direction is the product 


= Then = f(N) (143) 


The spurious response for the difference 


line-number is 
Lee) ™ Tlie)N = S(N,No) (144) 


* The spurious response, ry@’)p, shown in Fig. 
148 is obtained with constant input signals. 
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Fig. 148. Sine-wave spectra (N, and N,) of scanning apertures giving essentially 
flat fields and a spurious response (D, and D,) due to the raster process. 


A graphic representation of Eq. (144) is 
shown by Fig. 149. Inspection of Fig. 149 
shows that equal values Nyx.) = Ny) 
give a maximum spurious response 
r' tay = Tye? at N = Np = n,, while 
unequal values NV.) # N,,) shift the 
maximum. It is seen further that the 
product of the curves N,Dz becomes 
zero at low line-numbers when N,,,) < 
Nua, Which is preferable to N,y) > 
N.,) (high frequency interference is less 
visible), although the fundamental re- 
sponse may be identical. 

The condition N,,,, < N,:,) is obtained 
naturally in practical cases, because the 
spectrum ryy) = g(NV), is the product of 
the spectra of kinescope and the visual 
process, and is decreased by increasing 
the viewing distance (see Eq. (87) Part 
III). Numerical system evaluations in- 
cluding other directions (see below) lead 
to the conclusion that the spurious re- 
sponse is reduced to acceptable levels 
when the vertical aperture passbands 
have the values 


(145) 


The Sine-Wave Spectra rj») of the System 


The sine-wave response in the scanning 
direction p = 0° (horizontal) is the prod- 
uct of the two-dimensional aperture re- 
sponse ry, and the electrical response 
re as discussed in Part III, Eq. (65) 


(ryré) N/Nejh (65) 


The horizontal spectrum has been com- 
puted for a variety of system element 
combinations and plotted in the form of 
generalized characteristics in Figs. 86 to 
87 of Part III. 


vw) 


OF SYSTEM Fr 


SPURIOUS RESPONSE 


The spectrum in any specified direction 
(p 2 O°) is the product of the aperture 
spectra and the electrical spectrum com- 
ponents in the direction p, for which the 
line-number N, of the electrical spec- 
trum is stretched by the factor 1/cos p 
as stated by Eq. (140) and illustrated in 
Fig. 150 for a particular case, The sys- 
tem response is expressed by the general 
relation 


where the index p indicates the direction in 
which the response or line-number is to be 
taken and the line-number for the electrical 
response re is computed with 


Np = N,/cos p 


han) 


(N/N.)p = (N/N,),/cO8 p 


The «effects of electrical bandwidth limita- 
tion and correction can now be computed 
as a function of direction, Assume that 
the apertures 6, (camera tube with lens) 
and 4, (kinescope + eye) have circular 
symmetry and, therefore, constant equiva- 
lent passbands = 0.67 n,, Nearp * 
0.5 n,. Assume further that the horizontal 
resolution is limited by the electrical 
channel to Ny = 0.7 n,, (standard 
U.S.A. television system where n, = 490 
and Ny, = 340 lines), By the use of 
electrical aperture correction (curve 1 in 
Fig. 150) the horizontal spectrum ry;,)- 
r,) in the video channel (curve 6) can 
be given a flat response. Note that this 
spectrum does not yet contain the spec- 
trum ry) of the kinescope and eye, The 
electrical response rey), Computed as a 
function of p with Eq. (147), results in a 
family of characteristics shown by curves 


RELATIVE LINE~NUMBER No/fr 


Fig. 149. Spurious response products resulting from the raster process 
and combinations of the aperture spectra shown in Fig. 148. 
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Fig. 150. Sine-wave spectra of aperture corrected video channel without (curves 
1 to 5) and including (curves 6 to 10) the camera tube as a function of direction (9); 
and equivalent passbands N,.(») of curves 6 to 10. 


1 to 5 in Fig. 150. The products ry;,) 
réip) furnish a second family of spectra 
shown by curves 6-10 in Fig. 150. It is 
seen that the resolving power increases 
gradually from NV, = N,,) for p = 0° to 
the resolving power of the aperture 6, at 
p 90°. The equivalent passband 
however, remains substantially constant 
as shown by the insert in Fig. 150. Inclu- 
sion of the spectrum rjy) furnishes the 
system response (Eq. (146)) which is 
shown in Fig. 151, The differences in 
curve shape and resolving power have 
been reduced by the addition of 4, and 
the equivalent passbands are lower, but 
have become relatively higher for p = 0°. 

It has been demonstrated so far that a 
good balance of the equivalent pass- 
bands Ny, is obtained in television 
systems with horizontal aperture correc- 
tion and apertures specified by Eq. (145), 
when the resolution of the video channel 
has the value: 


(148) 


Nea) = (0. In, 


Substitution of this equation into Eq. (63) 
furnishes preferred constants for the de- 
sign of television systems employing opti- 
mum horizontal aperture 
(flat response in the video channel). 


correction 


Raster line-number: a, 
1.4(4/T,)* 

Scanning line-number: n, & 
1.4(a/T,)! 

Horizontal Cutoff: = 0.77, 


» (149) 


To obtain optimum performance from a 
system containing a raster process with 
imperfect apertures, the aperture process of 
the eye must be included in the passband 
N.q) of the synthesizing aperture. 

For very short viewing distances and 
larger images, the passband N,q) is not 
limited by the eye, and the kinescope 
must then be given an equivalent pass- 
band = For increased view- 


ing distances, however, the eye itself can 
perform the functions of the synthesizing 
aperture 6, because Ny.) S Neg. It is 
obvious that the equivalent passband 
Nu required for the kinescope may vary 
theoretically from Naw to 
Nu,» = © asa function of viewing dis- 
tance, and that the optimum equivalent pass- 
band Nyy) of the “imperfect” practical tele- 
vision system itself does depend on the viewing 
distance for which the system is to be designed. 


New = 


Edge Transients: The sine-wave spec- 
trum of the retinal image should have a 
gradual cutoff to prevent disturbing edge 
transients. A reexamination of design 
values is therefore indicated. It has been 
shown in Part III, Fig. 89, that the 
peak-to-peak transient ripple is a func- 
tion of the relative equivalent passband 
(N./N,), = (N./N,)p. Thet ran- 
sient ripple obtained for the preceding 
example is shown in the insert of Fig. 151 


a: 


RESPONSE FACTOR- 
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RELATIVE 


as a function of p. A ripple greater than 
2%* of the step amplitude is objection- 
able in the retinal image, particularly in 
the darker and medium levels of the tone 
scale. A 2% peak-to-peak ripple caused 
by a luminance step AB = B, — B, = 
1-0.1, for example, has the value 0.02 
AB = 0.018 which, in a linear system is 
represented by the deviations ¢2 = 0.018 
at the level B, and o, = 0.18 at the 
level B,. In actual nonlinear systems, 
these percentages are modified (simi- 
larly to “noise’”’-values), by the point 
gamma of the system (including the 
eye), which in general decreases with B 
(toe) and, therefore, reduces oa; to a 
much lower value. 

The previously assumed aperture pass- 
band N,4), = 0.5 n, must, therefore, be 
reduced to decrease the ripple to 2% at 
p = 0° which, according to observations, 
appears to be a satisfactory value. It fol- 
lows from Fig. 89b, Part III, that this 
requires N,,, = 0.45 Ny) for the U.S.A. 
standard N,,, = 340. In terms of 
the raster constant V,, = 0.7 n,, one 
obtains N,,,) S 0.32 n, for p = 0. Be- 
cause the equivalent passband N,,) is 
the cascaded value of N,,,) and N,,), and 
Nu) has been given the value NV...) = 
0.67 n,, the value N,4) can be computed 
with Eq. (125b): 


New) & 0.36m, for Naa) = 0.67n, (150) 


The constants for optimum performance 
of a standard U.S.A. television system 
are summarized by Eqs. (149) and (150). 

The equivalent passband Ny 7 of the tele- 
vision system itself can be computed for 
specified viewing distances (d/V) and 
raster constants. The equivalent pass- 
band of the kinescope (N,;,)) is first com- 
puted with Eqs. (87) and (125b) for the 
raster constant n,, for example the 
U.S.A. standard n, = 490 lines, as 


* It is pointed out that the transient ripple in the 
video channel, ahead of the apertures of kinescope 
and eye, is very much larger because of the high 
a value at that point. 
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Fig. 151. Overall spectra and equivalent passbands of a practical 
“imperfect’’ television system approaching optimum design. 
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shown in columns 1 to 3 of Table XXVI. 
The optimum aperture correction com- 
pensates the decreasing camera response 
rJ(.) 80 that the response in the video 
channel is equal to the flat spectrum r7;,) 
of the electrical sharp cut-off filter (curve 
@ in Fig. 86a, Part III, shown as curve 6 
in Fig. 150). The relative bandwidth (a) 
of the system can hence be obtained 
from Fig. 99a, curve 1, letting (N.y)/ 
ND, = New/N.q as listed in columns 
4, 5, and 6. The corresponding numerical 
values Ny7), are tabulated in column 7. 
The equivalent vertical passband N,,,), 
is computed by cascading the values 
Nay and Nyx,) (column 8). The equiva- 
lent passband Nx (column 9) of the 
television system is finally obtained with 
Eq. (121). 

The last column of Table XXVI 
shows the equivalent passband N,.,) of 
the retinal image computed by cascad- 
ing with Nap. In accordance 
with the design procedure, the value 
Na, is constant for all viewing distances 
for which the eye has a value N,.,,.) > 
0.36 n,. For comparison, a standard 
35mm motion-picture process has the 
value Nay) Sy 250 (see Table IX, 1 to 4, 
in Part II) and produces a retinal image 
at a viewing ratio of d/V = 3.5 having 
an equivalent passband Ny, S 163, 
which can be equaled with a practical 
standard U.S.A. television system of 
optimum design. 

Equality of equivalent passbands in 
general does not require that the point- 
images or spectra of two images be alike. 
In this respect the external images on the 
television or motion-picture screen differ 
considerably. The design of the television 
system, however, is directed toward ob- 
taining a normal optical image at the retina 
at a specified viewing distance. For the 
optimum design the retinal television 
image has no structure, and the shape of 
its spectrum equals substantially that of 
the retinal motion-picture image, the 
spectrum cutoff becoming somewhat 
sharper in the directions p = 0° to 22°, 
but not to such an extent as to generate 
perceptible transients. (The reader may 
compare Fig. 151 which illustrates the 
uncorrected design having higher tran- 
sient overshoots and sharper cutoff than 
obtained with the recommended values 
of Eq. (150).) Equality of equivalent pass- 


Table XXVI. Equivalent Passbands NV, of 525-Line Television System With Af = 
4.25 Me, n, = 490, N,q) = 340, Optimum Practical Aperatures N,(,) = 0.67 2, = 328, 
N,q) = 0.36 n, = 176, and Optimum Horizontal Aperture Correction. 


d/V Nteye) Naw) Newry al 


3 250 250 0.736 0.81 
4 188 500 1.47 
5 150 wo » 


Column Legends: 


(1) Ratio of viewing distance to frame height. 


(6) (7) (8) (9) 
Nutye 


(10) 


a Naty T) New 


0.66 194 199 197 163 
0.865 255 274 264 163 
0.95 279 #328 302 


(2) Equivalent passband of eye, Eq. (87), Part III, p. 153. 


(3) Equivalent passband of kinescope. 


(4) Relative equivalent passband of kinescope with respect to horizonta cutoff N,. 
(5) Square root of bandwidth factor from Fig. 99a, curve 1, Part IIL, p. 144, with Nyy) = 


(6) Horizontal bandwidth factor. 


(7) Equivalent horizontal passband of television system = aN,,,). 

(8) Equivalent vertical passband of television system (N,,4) and Ns) in cascade), 

(9) Equivalent passband of television system, Eq. (122), 

(10) Equivalent passband of retinal image, computed with Eq. (121) for Neue = (2), 
(3), and N,q) in cascade; Nyy, = aN), with @ from Fig, 99a, curve 1, Part ILI, for 


Na) = Neteye) in cascade with 


bands, particularly under these condi- 
tions, indicates an equality of subjective 
sharpness, which will be discussed in a 
later publication. 

It is interesting that the performance 
difference between a well-designed prac- 
tical system having an equivalent pass- 
band Var = 264 for a 4:1 viewing 
distance and a mathematically perfect 
system (Nop) = 460, Eq. (142)) is simi- 
lar to that between an excellent prac- 
tical lens system and the perfect lens. 

The above design values are valid 
when the visual or recording process ob- 
serving the television image is able to 
integrate the sequential presentation in 
the time of one picture frame into the 
equivalent of a simultaneous exposure. 
The preceding evaluation is based on the 
condition that one-dimensional horizon- 
tal aperture correction is used. It may be 
practical in the future to employ a two- 
dimensional correction by an electrical 
process which can produce a_ higher 
amplitude response with sharper cutoff 
in the vertical direction. It is obvious 
that this will result in different aperture 
specifications and a ratio NV.,)/n, closer 
to unity. 
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Discussed are problems and procedures encountered in establishing low-power tele- 


Low-Power Telecasting 


casting by the Armed Forces for the information and education of service personnel in 
isolated areas of the United States and in overseas areas where English language tele- 
vision is not available. Described are the development of Armed Forces Television, its 
“‘package’’ equipment, programming, personnel and costs of installation. 


‘| ne Armen Forces have amply 
demonstrated that adequate television 
service can be provided to small com- 
munities using very low powers and 
antenna heights, CSL-TV, at Lajes 
Field, Azores, and Loring Air Force 
Base, Limestone, Maine, are two Air 
Force Bases that have constructed tele- 
vision stations operating with an effective 
radiated power of roughly 30 w. These 
compare not unfavorably with the night- 
time coverage of the average 250-w local 
standard broadcast station and are clearly 
adequate for the average city below 50,- 
000 population. 

The station at Loring Air Force Base, 
constructed in December 1953, using 
RCA equipment and representing a total 
investment of under $70,000, provides 
service to the entire base area and to 
other military installations within a 
radius somewhat greater than five miles. 

In October 1954, Dage Television 
Division of Thompson Products built 
CSL-TYV at Lajes Field for a total equip- 
ment cost of less than $50,000, and the 
station has operated from five to seven 
hours daily since then without the appre- 
ciable loss of any program time. The 
antenna at this station is 20 ft above the 
transmitter building, giving it an average 
height of approximately 100 ft above 
the base area, CSL-TV provides a signal 
adequate for satisfactory reception on 
stock model receivers throughout the 
entire base which extends approximately 
eight miles from the transmitter to the 
shore line. The signal extends over the 
ocean and the ultimate limit of its 
usability has not yet been determined, 

I'he Armed Services are interested in 
television as a tactical aid and training 
device as well as for spreading good 
morale among the men, Their problem 
was to get inexpensive equipment that 
would telecast a program-bearing signal 
to a practically circular area about five 
miles in diameter, The first test of the 
efficacy of low-power television was 
made at Loring Air Force Base, which 
is far from any commercially operated 
TV stations. 


Presented on April 20, 1955, at the Society's 
Convention at Chicago by Lt-Col M. EB. William- 
son and Maj Stanley E. Rodby (who read the 
paper), Office of Armed Forces Information and 
Education, Dept. of Defense, Washington 25, 
D.C 

(This paper was received on April 14, 1955.) 
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It was assumed that programs would 
consist mainly of 16mm kinephoto re- 
cordings and films, with an occasional 
“live” pickup. To meet these needs 
RCA proposed three plans. The first 
was strictly a minimal operation using 
that company’s ITV-5 industrial equip- 
ment. The second plan was essentially a 
closed circuit or wired-carrier type 
system without the wires. It provided a 
broadcast-quality vidicon chain of the 
type used in many commercial stations 
for film pickup. This system is composed 
of the same equipment as in the high- 
quality system that was finally installed 
except that a less expensive camera is 
used, The camera employed is the TK-7A 
broadcast vidicon camera chain which 
uses an industrial television camera con- 
verted to broadcast standards, The band- 
width of this camera chain is 5 mec as 
compared with the 8-me capability of 
the equipment now in use. 

The third plan, which was chosen, 
consists of a standard 16mm film projec- 
tor (type TP-16E) which is focused on 
the photoconductive camera tube (6326) 
in the vidicon film camera chain. A sync 
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generator furnishes stardard RETMA 
synchronizing pulses to operate the 
camera chain, and the resultant video 
signal is fed into the transmitter. A 
standard control console with a master 
monitor permits complete control of the 
video signal. 

The vidicon camera is provided with a 
special mounting which permits an 
operator to aim the camera into the 
film projector or at a small “‘live’’ set. 

The sound is fed either from the film 
projector or a microphone into the 
program amplifier and then into the 
sound transmitter. This system provides 
commercial studio grade equipment with 
an 8-mc bandwidth. 

For live program operations, RCA 
modified the front camera plate to re- 
ceive a standard lens, and supplied a 
Wollensak 2-in. lens with the equipment. 
The vidicon camera is a small, light- 
weight unit built around the RCA vidi- 
con tube, 6326, and requires an incident 
light level of 100 ft-c for an acceptable 
TV picture. For scenes with considerable 
movement, however, up to 200 to 250 
ft-c are recommended. 

The camera is designed to use a single 
lens and a wire-flame viewfinder is 
provided on one side. Any 16mm motion- 
picture lens with a type “C” mount 
can be used. With this system there can 
be only the simplest type of static pickup. 

For more versatility a 20-to-60mm 
Zoomar lens can be used with the 


Block diagram of installation at Wheelus Field, Tripoli, and Dhahran, 


Saudi Arabia (RCA Engineering). 
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broadcast vidicon. An optical viewfinder 
is included, but an adapting plate is 
needed to mount the lens, and an expert 
cameraman is needed to achieve good 
results when any movement is present. 

I'he camera should always be mounted 
on a tripod. The Professional Jr. Model 
MS is a fairly sturdy unit which consists 
of a wooden tripod and a friction head 
that permits individual control of the 
pan and tilt. A tripod dolly provides 
mobility. 


Centro] Equipment 


From the camera a single 15 conductor 
(3 coaxial) 50-ft cable brings the video 
signals to the camera control monitor. 
Incorporated in the monitor case is a 
power supply, control panel and picture 
monitor. From this single control posi- 
tion the operator has full control of the 
vidicon camera including its electrical 
focus, mechanical focus and beam in- 
tensity. In addition a full view monitor of 
the picture quality is obtained on the 
10FP4 aluminized picture tube, Un- 
fortunately the cameraman never knows 
when this is going on. Brightness, contrast 
and black level controls for the monitor, 
and adjustable circuit controls, are lo- 
cated beneath the snap-on metal cover 
just below the picture tube. 

The output signal from the vidicon 
camera chain is provided at a single 
coaxial connector and measures 1 v. 
This composite video signal can then 
be fed directly to the television station’s 
video signal system and hence to the 
transmitter. The output signal can 
also be used to feed a number of picture 
monitors. 


Transmitting Equipment 

The video signal at Loring is derived 
from an RCA picture modulated r-f 
generator, The TX-6468B Television 
Picture Generator is a compact, low- 
power, signal source for low channel 
operation. Amplitude video modulation 
is obtained from an external composite 
video signal. The r-f carrier is produced 
by a high stability heater-oven type of 
crystal oscillator and the necessary fre- 
quency multiplier stages to drive the 
video modulated power amplifier, The 
necessary components are mounted on a 
standard rack type of panel and chassis 
including suitable shielding. This is, in 
effect, a piece of test equipment modified 
to meet this particular requirement. 
It operates in conjunction with the 
TX6466 Sound Generator to feed a 
signal to the antenna. 


Antenna 


At Loring Air Force Base and at 
Wheelus Field in Libya where a similar 
installation is in operation, a pylon-type 
antenna is employed. The physical loca- 
tion of the Loring housing and barracks 
areas presented a special problem. In 
order to yield equal signal strengths in 


Film Projectors (Holmes) and Slide Equipment (Spindler-Saupe ) at Lajes Field, Azores. 
The same equipment is in use at Keflavik, Iceland. 


all directions from the antenna site a 
circular horizontal antenna pattern is 
desirable. The antenna in use yields 
approximately the required radiation 
pattern for both sound and picture, 
The pylon antenna consists of a vertical 
aluminum pipe supported at its base by 
means of bolt connections to the attached 
flange. The radiators consist of three 
slots cut into the walls of the pipe in a 
longitudinal direction and fed by a 
solid dielectric coaxial transmission line. 
Weather protection for the radiators is 
provided by an antioxidant polyethylene 
cover for the slots. This material has been 
proved through long commercial out- 
door use. No de-icing facilities are re- 
quired with this type of antenna, Con- 


‘densation inside fittings and stubs is, 


however, a problem. Since there are no 
elements protruding from the pipe, the 
design lends itself to case of shipment and 
erection, while offering a minimum of 
wind resistance. The top of the antenna 
is capped to protect the inside of the 
pipe and feed system and lends itself to 
Although the con- 
be painted, 


beacon mounting 
structional material may 
no protecting finish need be applied. 
This type of antenna requires a mini- 
mum of maintenance, 

The antenna was received, pretested 
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assembled, requiring 


only erection and simple radio frequency 


and completely 


transmission line connections from the 
transmitters. The use of three radiators 
removes the need for diplexing since one 
radiator is assigned to aural radiation, 
while the remaining two radiate the 
picture signal, 

The lightweight construction allows 
the mounting of this antenna on existing 
buildings or light-duty towers. At present 
it is installed on a 200-ft guyed antenna 
tower such as you see in everyday use by 
commercial TV stations, 


Audio Equipment 


As in any first-class small TV operation 
the audio equipment includes 3-speed 
turntables, consoles, tape recorders and 
associated equipment. As was expected, 
the demand for a greater “live” capa- 
bility was soon generated not only at 
Loring, but at other locations where 
television stations were desired. 


Potential Expansion Necessary 


As had been expected, at Loring and 


elsewhere demand for more “live” 
capability developed, From a production 
standpoint it became evident also, that the 


equipment originally installed at Loring 
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was inadequate, The demand arose for 
better studios, and for equipment neces- 
sary to operate a smoother film presenta- 
tion, as well as to present more “‘live’’ 
shows. Since it was desirable not to mix 
types of equipment, the vidicon camera 
at Loring was relegated to film pickup 
alone. Multiplexing equipment was 
procured, and image-orthicon 
camera chains were installed. 

A number of disadvantages attach to 
the use of image-orthicon chains in an 
operation such as AFTV. While the 
signal from the image-orthicon camera 
is theoretically better than the 6326-type 
vidicon, the signal delivered to, and by, 
the transmitter is indistinguishable ex- 
cept with the highest quality test equip- 
ment, This is only, of course if 
studio conditions are identical. 

Any smear resulting from sudden 
movement of, or before, the vidicon 
camera, is offset by the tendency of the 
image orthicon to stick, as it ages or is 
left on a static subject for prolonged 
periods. In other words, the image 
orthicon will not of itself produce a better 
picture on the viewer's set. It requires 
more precise operation and better main- 
tenance, as well as better all-around 
handling to get better results than can be 
secured from the vidicon. A major dis- 
advantage, of course, is the difference in 
price. The cost of an image-orthicon 
chain is approximately two to three 
times that of a vidicon chain. 

As stated before, the absence of an 
electronic viewfinder the RCA 
vidicon camera has presented a serious 
drawback to studio use, The “field opera- 
tors’-—the men who operate the 
cameras in our stations—demand some 
such device. Anyone who has 
operated a press-type camera knows the 
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difficulties connected with using the wire 
viewfinder. TV camera operators find 
this device impossible to use. 

Investigation of available equipment 
led to the Dage TV Division of Thomp- 
son Products and to the Dage 300D 
camera. Essentially the two cameras vary 
little except in the addition of an elec- 
tronic viewfinder to the Dage equipment, 
and a more definite control of the pic- 
ture by the camera operator. 

The Dage System, like the RCA, is 
“broadcast quality” as required by 
AFTV Specifications. This camera has 
successfully operated at around 50 ft-c 
and gives excellent results at 75 to 100 
ft-c. It is equipped with a 3-inch view- 
finder tube which is successfully linked 
to a magnifier giving’ an effect obtained 
from the usual 7-in. viewfinder scope. 
It is also equipped with a lens turret 
mounting three lenses. Focus is controlled 
by the cameraman. 

A criticism leveled at this camera has 
beer, the smallness of the viewfinder 
scope. In actual practice this has not 
been found to be justified. 

A complete Dage-engineered package 
was procured and placed in operation in 
the Azores on 17 October 1954. Since 
that time no deficiency has been reported 
from this station and no modifications 
have been requested except for a more 
stable base and variacs for projectors. 


Production-Line Installation 


An entirely new method of designing 
and engineering a TV package was 
followed in the installation at Lajes Field, 
Azores, and at Keflavik, Iceland. This 
method, developed by Dage engineers in 
collaboration with Department of De- 
fense agencies, is so simple as to appear 
almost obvious. It consists essentially of 


1 & 2: Audio racks; video rack containing sync generator and associated 


equipment. Extreme Right: transmitter, designed by Electronics Research Laboratory, 
Hollywood, for Dage Television Div., Thompson Products. Installed at Keflavik, 


Iceland. 
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gathering all elements needed to estab- 
lish a station, completely assembling the 
station, operationally testing the unit, 
unplugging the major components and 
transporting them to the location, setting 
up and going on the air. 

While it is technically true that the 
station owner is expected to do a systems 
engineering job with his own personnel, 
this has not always been possible with the 
Armed Forces Television outlets. Short- 
age of engineers experienced in tele- 
vision has been the major reason for this 
lack of systems design by AFTV. 

Time has also been a large factor in 
this operation. It has been necessary, 
therefore, to call upon the equipment 
industry for more help than might be the 
case under other circumstances. This 
need made mandatory some form of 
production-line technique for the in- 
stallation of AFTV outlets. 

First, a site survey is made of a pro- 
posed location and a suitable building is 
selected, This is usually a building re- 
quiring a minimum of alteration and 
entailing a minimum of diversions. 
Drawings and layouts of the building are 
supplied to the contractor, and all 
government-furnished equipment is de- 
livered to his plant. It then becomes the 
responsibility of the contractor to inte- 
grate this government-furnished equip- 
ment into the complete system. 

All equipment, including the audio, 
film, video and transmitter is assembled 
in accordance with the proposed layout 
and a thorough system check is run. At 
this time required inspections are made 
by the procuring agency. 

The complete station is now ready for 
shipment, which is usually done by 
special airlift. By flying the station to its 
new location overseas packing is avoided, 
saving time and money. 

Once at its destination, the station 
equipment is reassembled and turned on. 
An example of the efficacy of this course 
of action is shown in the case of Lajes 
Field, The Lajes contract was signed 
on 7 September; government-furnished 
equipment was delivered to the con- 
tractor 20 September; the complete 
assembly left the contractor’s plant 4 
October; the station began scheduled 
programming 17 October. In other 
words, in 41 days — including Sundays 
and holidays -— from the signing of the 
contract, the station was on the air. 

In the case of Keflavik, Iceland, a 
total of 107 days elapsed from the com- 
pletion on 18 November of the site survey 
until 3 March 1955, when the station 
began operation. Again this is actual 
chronology, with no time out for week- 


ends, 


Programming 


Programming has presented a major 
problem if not the most difficult problem 
encountered in the setting up of AFTV. 
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Since TV for the purposes under dis- 
cussion is an unprogrammed activity, in 
the sense that no budgetary action 
preceded the actual beginning of opera- 
tions, no funds are available for pro- 
gramming. It is doubtful, moreover, if 
expenditure of any proportion will ever 
be available for this purpose. 

A part of the original concept of AFTV 
sprang naturally from the years of 
experience with Armed Forces Radio 
Services. Their programming was accom- 
plished by transcribing network-pro- 
duced shows, and distributing the discs 
to AFRS stations. This amounts to some- 
where around 500,000 transcriptions a 
year. While other programs are supplied 
the bulk of AFRS program material 
comes from sources within industry. 

AFTYV similarly turned for program 
material to advertisers, agencies, TV film 
producers and networks for permission 
to use kinephoto recordings of commer- 
cially produced programs. Craft unions 
and guilds were approached and readily 
provided waivers of contract clauses 
governing the re-use of these kines. 
Prints were made available by advertisers 
and networks, and at the present time 
an average of 60 hours of program mate- 
rial is shipped each week to AFTV out- 
lets. 

So far only one print of each program 
has been shipped each week. These 
circuit from Loring AFB to Lajes Field 
in the Azores, to Wheelus Field, Tripoli, 
and then to Keflavik, Iceland. 

A delay of only a few hours in airplane 
schedules can easily put us out of business 
for quite a time. The loss of a shipment 
outright would be disastrous and 
‘catastrophic instability of heavier-than- 
air craft,”’ under certain circumstances 
is still a fact. We can lose a shipment! 


Personnel 


The manning of AFTV outlets is also 
a problem area; personnel must be 
secured from within available troop 
spaces, Currently the stations are being 
manned by personnel from Information 
Service for production jobs, and from 
the Electronics Career field for technical 
operating and maintenance positions. 

Each AFTV outlet uses eight to ten 
men, depending on the hours of opera- 
tion. This staff consists of Station Manager 
(usually the base Information Service 
Officer), and airmen taking the positions 


Camera controls, switcher and audio console of Keflavik AFTV Station. 
Audio equipment is Gates $A40 Console and CB4 Turntables, 


of Chief Production Assistant, Production 
Assistant, Projectionist-Film Clerk, Chief 
Engineer, Engineering Assistant, two Main- 
tenance Technicians, and Cameraman-Engi- 
neer. 

Personnel chosen for the positions 
are required to take two to three weeks 
special training in each of their specific 
fields prior to the station’s going on the 
air. Engineering personnel get their 
training from the manufacturer of the 
equipment, The individuals chosen for 
the production position are if possible, 
given brief training at a commercial 
television station depending upon their 
experience and qualifications. 


Costs 

No area of AFTV Services presents a 
more varied picture than that of costs, 
Total investment at Loring Air Force 
Base approaches $70,000 while Lajes 
Field represents an expenditure of less 
than $50,000. Approximately $55,000 
will cover the Tripoli installation, while 
Keflavik ran slightly over $47,000, 
When you consider that Keflavik and 
Lajes are 50-w outlets, both represent a 
better equipment buy than the other 
installations. 

The costs at these two stations repre- 
sent total outlay including integration of 
government-furnished equipment, train- 
ing of personnel and installation. They do 
not include transportation costs, Ship- 
ment, however, is usually made by reg- 
ularly scheduled transport aircraft, and 


Williamson and Rodby: Low-Power Telecasting 


no additional expense is involved, These 
figures do not include modification of 
buildings which, varying with the loca- 
tion and local labor costs, will average 
about $10,000. 


Future Plans 


A look into the future reveals plans 
for some 20 to 30 outlets to be established 
within the next two years, though it is 
not likely that the number of television 
stations will equal Armed Forces Radio 
Networks for many years, Outlets are 
planned for such locations as Thule, 
Sondrestrom and Narsarssuak in Green- 
land, Puerto Rico, Bermuda, Johnson 
Island and Okinawa in the Pacific, 
and other isolated areas where English 
language television programs are un- 
available or inadequate, 

No additional broadcasting stations 
are planned for the continental United 
States. Few locations are so isolated that 
they cannot be served by booster stations 
or community-type antenna systems, 
Construction of installations such as 
these is being considered. 

Many factors, including geographical 
location, isolation and local government 
attitudes, influence the growth of Armed 
Forces Television, But these factors must 
not hold wack the orderly, planned 
development of a television service for 
Armed Services personnel in those areas 
where television's ability to recreate the 
sights and sounds of home are most im- 
portant. 
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A System of High-Speed, High- 


Temperature, Reversal Processing 


A new 16mm processing machine accomplishing a 48-sec reversal processing cycle 
is described. This machine was designed and engineered for the Delaware Steeple- 
chase and Race Assn. by the EDL Co. of Gary, Ind. To the best of the author’s 
knowledge, it is the first spray-type processor designed particularly for high- 
temperature reversal processing. This paper also relates the history of high- 
speed reversal processing as done by the Delaware Steeplechase and Race Assn.; 
gives the reasons why thoroughbred racing requires film records to be processed 
rapidly, and traces the progress from 1945 to the present. 


Thoroughbred racing has been utiliz- 
ing 16mm motion pictures for several 
purposes for the past ten years. In this 
field perhaps, more has been done to en- 
courage high-temperature reversal proc- 
essing techniques than has been done 
by any other type of 
Some of the reasons that racetracks be- 
came interested in motion pictures and 
especially high-speed 
briefly as follows: 

(1) To provide a record of the running 
of every race to be used by officials in 
making decisions concerning infractions 
occurring during the running of any 
race 

(2) To be used as a school for jockeys; 
to develop better riding. 

(3) For owners and trainers of thor- 
oughbreds to study the “running habits” 
of their horses, 

(4) To provide a permanent record 
which can be referred to years later, if 


organization. 


processing are 


necessary. 

(5) To be used for television. 

The reason for high-speed reversal 
processing is to be able to screen the 
races within minutes after the actual 
running so that the officials might use 
them as an aid in making a decision in 
the case of an official inquiry, Thus, it 
can be seen that speed in processing is 
essential in order not to keep thousands 
of people waiting, and also not to delay 
the post times, which could prove to be 
costly to a race track, 


Description of Film Patrol 

This paper will describe the rapid 
processing system as used by thorough- 
bred racing, before describing the 
latest processing machine which effects 
a 48-sec reversal cycle. This system is 
known generally to thoroughbred racing 
as the “Film Patrol.’ There are in exist- 
ence at the present time several com- 
panies under various names providing 


Presented on April 21, 1955, at the Society's 
Convention at Chicago by Lester E. Bernd (in 
season, Delaware Steeplechase and Race Assn., 
Wilmington, Del.), 11 Comeau St, Wellesley 
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this service to race tracks. This paper will 
be restricted to the system as used by the 
Delaware Steeplechase ard Race Assn., 
owners and operators of Delaware Park. 

The Film Patrol is a method of cover- 
age of thoroughbred races in 16mm 
motion pictures. At Delaware Park there 
are seven camera positions strategically 
located around the outside oval of the 
race track. These positions are, for the 
most part, 35-ft steel towers, of I-beam 
construction, with an enclosure at the 
top. In these towers are located a 
cameraman with a 16mm camera and 
lenses of various focal lengths, depending 
upon the cameraman’s location. Each 
man photographs a segment of the track 
during every race. The cameras are 
unloaded immediately afterevery shot and 
the exposed film sent to a waiting courier 
below, who speeds it to the laboratory. 
The laboratory immediately begins proc- 
essing of this film by reversal, and in a 
matter of minutes the reversed positive 
image is projected for the officials if they 
should desire it. 

Much time and money has gone into 
perfecting a system of pickup from the 
camera positions and delivery to the 
laboratory. 


History of the Film Patrol 


The history of the Film Patrol, as we 
know it at Delaware Park, is here given 
to the best of our knowledge. Sometime 
in the year of 1945, at a Thoroughbred 
Racing Assn. convention in New York, 
this system was described by a California 
race track, The first technique of proc- 
essing was by rack and tank. Water 
spots, staining and reticulation were 
common troubles. Added to that were 
the limitations of temperature which 
the then existing emulsions could with- 
stand. It is believed that in that same 
year the Houston Corp. built the first 
machine expressly for high-speed reversal 
processing. 

By 1946 the system had spread from 
California, where it had been made 
mandatory, to cight eastern tracks, 
among which was Delaware Park. At 
this time, this service was supplied by a 
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commercial company. The total lapsed 
time for posting an officia! decision by 
using the pictures as an aid, was nearly 
20 min which, of course, was objection- 
able. However, the potentialities of the 
system were recognized, and with the 
support and confidence of thoroughbred 
racing, improvements were soon to be 
made. 


Types of Film 

The film used at the beginning was 
Eastman’s Super-X available commer- 
cially, with the processing included. 
There was a problem here of properly 
removing the black base and, as a result. 
the Eastman Super-X blue base film 
Type 5275 was substituted, due to the 
ease of processing. This film -was used 
extensively by the Armed Services during 
World War II. 

In 1946, a standard stock processing 
machine, built by the Houston Corp. 
was slightly modified, and as a result, the 
processing time was decreased to about 
8 min. It was here that the Du Pont Co. 
introduced the Type-330 emulsion. For 
the next several years, all the research 
was done around a modified 11B 
Houston machine, and in 1950, process- 
ing time was 54 min. It seemed that no 
further progress could be made because 
the film then available could not with- 
stand the temperatures and swift han- 
dling necessary with the main difficulty 
being reticulation. 

At this time, Du Pont, working hand in 
hand with the Delaware Park photo- 
graphic department, developed the new 
saper hardened Type 930 Rapid Reversal 
Pan. This has proved to be the greatest sin- 
gle factor in our present-day success. This 
new film, in 1953, immediately allowed 
the processing time to be reduced to 3 
min. It was quickly recognized that the 
film could withstand even higher tem- 
peratures but the processing machine 
we had could not be further modified to 
exploit the new film’s potential. There- 
fore, Delaware Park commissioned the 
EDL Co. to build a new processing 
machine able to take full advantage of the 
film’s capabilities. This machine, the 
DM 11, was installed in May of 1954, 
and as a result of its operation through 
the 1954 and 1955 Delaware Park mect- 
ings, much has been learned and several 
improvements have been made. 

Delaware Park first installed the Film 
Patrol in 1946, contracting for the 
services of the Throughbred Photo 
Service in that year. In 1947, Delaware 
Park formed its own Film Patrol. In 
1948, the writer was hired to head their 
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Table I 
Film Processing 


Compartment capacity time 


ft 10 see 


Ist Developer 8 
Bleach 4 
Clear 
2nd Developer 4 
Fix 4 
Wash 4 
Dry 4 
32 
Rinses 
between 
tanks 6.5 ft (Length due to threading 
to prevent solution 
losses ) 
Take off 
Elevator 3 ft 


41.5 ft @ 52 ft/min = 48 sec 


photographic department. It might be 
mentioned here that no dividends are 
paid to the stockholders of Delaware 
Park. Instead, any profit realized is 
spent in improving the various depart- 
ments for the good of the sport of 
thoroughbred racing. Consequently 
much time and money have been spent 
to perfect the Film Patrol as we have it at 
Delaware Park. Film Patrol] is in use by 
nearly every major race track in the 
United States and in a few foreign 
countries. 


General Description 


The new EDL high-temperature, high- 
speed DM-11 processor utilizes spray 
application of solutions. Complete re- 
versal processing is accomplished in 48 
sec with the film dry, ready for projec- 
tion. Table I gives the times for each stage 
of processing. The machine speed is 52 
ft/min. It was felt that this speed should 
not be increased as it would inflict a 
hardship upon the operator splicing the 
film into the loading elevator. 

The physical dimensions of the DM-11 
(Fig. 1) are 24 in, wide, 694 in. long, 
and 72 in. high. The machine is operated 
in daylight. Individual panel covers 
make the wet section processing com- 
partments light tight. The machine is 
designed for attachment to a darkroom 
chamber. Both loading and take-off 
(Fig. 2) elevators are provided. The 
leader capacity of the machine is 41.5 
ft. A 220-v, single-phase power supply is 
required. 

Individual controls, thermometers and 
processing section are at waist level along 
the front of the machine. Master 
switches and controis are located at the 
far right (Fig. 3). The major electric 
control box is in the rear of the ma- 
chine. Ordinary radiator hose can be 
used to connect to the drain. The air 
exhaust from the drybox is a 5 by 12 in. 
outlet which can be reduced to a 5-in. 
diameter duct to the ontside. Indicating 
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Fig. 1. Front view of the DM-11 processor with the 
compartment covers on for daylight operation, 


lights below each thermometer go out 
when the solutions are at proper operat- 
ing temperature. 


Chemical! Supply 


At Delaware Park, the Film Patrol 
laboratory occupies two floors, Directly 
above the processor on the second floor 


is located the chemical mixing room and 
five 50-gal ‘stock pots” (Fig. 4), These 
contain the first developer, bleach, clear- 
ing bath, second developer and fixing 
bath. Mixing is done with a Pako Hydro- 
mixer. Tygon tubing connects the chem- 
ical supply through the floor to the 
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Fig. 2. Take-off elevator on dry-end of machine. 
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Fig. 3. Front view of DM-11 processor with compartment covers off. 


Fig. 4. Second floor chemical- 
mixing room. 


proportioning pumps (Fig. 5) on the 
machine below. 


Solution Path 


Fresh solution for replenishment, ac- 
complished automatically, is pumped 


Fig. 5. Rear, close-up view of the DM-11 processor showing 


into preheat tanks at the rate of approxi- 
mately 0.1 gal/min. The rate of re- 
plenishment can be adjusted by lengthen- 
ing or shortening the stroke of the pro- 
portioning pumps. The preheat tanks, of 
approximately one-gallon capacity, con- 
tain a standpipe at the same level of the 
sumps in the processing compartments. 
Fresh solution enters the circulating 
system by means of overflow into this 
standpipe. The solution then joins the 
used solution and enters the input of the 
circulating pumps (Fig. 6), after first 
passing through 1500-w heating wells 
which accurately maintain operating 
temperature by means of an on-off 
Fenwal thermostat. 


Double stage, 4 hp circulating pumps 
are used for all solutions except the first 
developer which is } hp. These pumps 


force heated developer through mesh 
wire screen strainers to the spraying 
nozzles in the processing compartments 
(Fig. 7). Each compartment has four 
spray nozzles with the exception of the 
first developer compartment which em- 
ploys eight. These nozzles apply solu- 
tion at a pressure of 30 psi. A flat vertical 
spray is directed parallel to the film 
strand, 

Excess used solution falls into the 
sumps where it overflows to the drain. 
The remainder of the used solution re- 
turns to the input of the circulating 
pumps where it is joined by fresh solution 
and recirculated. The sump solution 
capacity is 40 cu in. with the exception 
of the first developer which is 60 cu in. 
The immersion type dial thermometers 
register the temperature on the output 
side of the solution pumps. 


Film Drive 

The film travels in a helical path with 
crossovers at the bottom of each com- 
partment (Fig. 3). Film drive is accom- 
plished by sprocket rollers located on the 
top shaft of some of the compartments 
beginning with the first developer. 
Each compartment contains a single 
strand of film except for the first de- 
veloper which has two. Shrinkage or ex- 
pansion of the film is compensated for by 
the free top rollers that do no driving. 
In these instances the top roller assem- 
blies move up or down by means of a 
triple gear arrangement that is counter- 


balanced. 


Formulas 


The formulas used are those published 
by Du Pont with a few slight modi- 
fications, These formulas appear in Du 
Pont’s publications Nos, A-7805 and 
A-7876. Kodak Rapid Liquid Fixer with 
hardener was used with dilution of 
four parts of water to one part fixer. 
Considerable difficulty with fog was en- 
countered at first but has been eliminated 


Fig. 6. Front, close-up view of the DM-11 processor showing 


the proportioning and circulating pumps. the circulating pumps and solution heaters. 
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Fig. 7. Close-up of processing compartment. Re-exposure well 
can be seen in bottom of center compartment. 


Spray nozzles 


and drive rollers also can be seen. 


with the use of Kodak Anti-Fog No. 2. 
Rinsing 

Tempered water, controlled by a 
Powers mixing valve, is supplied to 
rinsing nozzles between each compart- 
ment. Water is applied to both the top 
and bottom of the film strand as it 
passes horizontally from one compart- 
ment to another (see bottom of center 
section in Fig. 7). Re-exposure occurs as 
the film enters the second developer 
compartment. Light for re-exposure is 
supplied by three 30 candle power 
tungsten incandescent bulbs. 


Squeegeeing 

Effective squeegeeing is highly im- 
portant in rapid drying. Considerable 
difficulty was originally encountered in 
removing completely all water from the 
film before it entered the drying chamber. 
This trouble was overcome by the 
liberal use of air pressure provided by a 
Roots blower driven by a 1-hp motor. 
The air squeegeeing is accomplished be- 
low a baffle in the bottom of the wash 
compartment (Fig. 8). 


Washing 

Washing is accomplished by four 
spray nozzles arranged similarly to the 
processing compartments (Fig. 8). This 
water is also maintained at processing 
solution temperature. 


Drying 
A }-hp blower supplies heated drying 


air to three plenum chambers in the 
drying compartment (Fig. 8). Three 600- 
w heaters are employed and can be 
used in any combination, The heated air 


is impinged upon the emulsion side of 


the film from 128 holes, 0.080 in, in 
diameter, over a 5l-in. path, A lesser 
number of holes apply pressure to the 
base side of the film as a means of 
balancing to keep the film centrally 
positioned. 

Drying is accomplished in 5 sec. 


Take-Off 


As the film leaves the drying chamber 
it passes through a take-off elevator re- 
quiring three feet of film for threading. 
This take-off elevator allows us to “break 
down” the film while the machine is still 
running. 


Temperatures 

Accurate temperature control of all 
solutions was originally held at 125 F, 
In order to bring solution temperature 
from ambient, which averaged 65 PF, it 
was necessary to preheat before the solu- 
tions entered the circulation system. 
However, as a result of a season’s opera- 
tion, it has been learned that 110 F was 
adequate for the 48-sec processing cycle 
and that the preheaters were no longer 
necessary. 

Solution operating temperatures are 
easily maintained by the heaters in the 
circulating system. The exposure index 
of the film due to the elevated solution 
temperature (from 68 F) has been in- 


Fig. 8. Close-up of washing and drying chambers. Squeegecing 
unit can be seen in bottom of washing compartment 


creased effectively from 80 to 120, The 
temperature of the fixer, rinse and wash 
water is also held at 110 F. 

Inasmuch as the operation of the 
machine is intermittent during the day, 
the hot water supply has so far been no 
problem. 


Conclusion 

The resulting quality of the Type 930 
Du Pont Rapid Reversal Pan processed 
in 48 sec has been consistently excellent. 
Further, very gratifying results have been 
attained in processing  single-system 
sound which has been very acceptable 
for television. Thus it has allowed Dela- 
ware Park to produce “spot news’’ tele- 
vision shorts and present them to the 
stations only minutes later, Due to our 
increased speed in getting our racing 
pictures on the screen, Delaware Park 
will this year install a closed television 
system for transmitting pictures from the 
laboratory to the stewards’ stand which 
will practically eliminate any delay in 
making a race official where an inquiry is 
involved, 

The success of the EDL Model DM-11 
processor has brought about a new, 
more compact design which will soon be 
in existence, 
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Discussion 


Paul Ireland (EDL Company): Wave you any 
idea how Type 931 film would be with this 
process? 

Mr. Bernd: 1 have not made extensive tests 
with Type 931. It has been my experience in the 
past that the higher speed emulsions seem to be 
heavier and harder to reverse. Preliminary 
experiments have indicated that it will elevate 
the ASA rating considerably and also that 931 
is going to offer no great problem in reversing 
very rapidly 


George Lewin (Signal Corps, Pictorial Center): 
It is worth noting that detail in the picture 
seemed remarkably good considering the un- 
usually fast processing. You expect to lose 
detail at such a speed. Have any comparisons 
ever been made as to whether or not you ever 
lose anything? I would almost say that you 
gain 

Mr. Bernd: \n past papers in the Journal and 
from past experience, | would say that the spray 
application of processing solution has much to 
offer as far as increasing the quality over the 
bath system 

Mr. Lewin: \s this the original reversal film? 

Mr. Bernd: Yes. 1 have no idea how often 
this film was used but, conceivably, it could have 
been projected a dozen times. There is com- 
paratively little abrasion even though the film is 
what you might call “green.” 

Mr. Lewin: Have you ever put soundtracks 
through the same process? 

Mr. Bernd: Yes, The soundtrack is very good 
Probably one of the most gratifying things about 


Infrared Motion-Picture Technique 


in Observing Audience Reactions 


This paper describes, in detail, an installation and a procedure by means of which 
a motion picture, on infrared sensitive film, may be made of an audience as they watch 
another film being projected on the screen. Specifications are given for light sources, 


exposure and development. 


PE by which a_ research 
worker may observe the reaction of a 
motion-picture audience have been 
sought for many years. In 1931, a large 
group of persons was photographed in 
total darkness in an auditorium at the 
Kodak Research Laboratories using an 
Eastman Infrared-Sensitive Plate and 
an exposure of 1 sec at //3.5. The ex- 
posing source consisted of 15 1000-w 
studio-type lamps enclosed in a box with 
the open side pointed toward the ceiling 
and covered by a Wratten Filter No, 87 
Audience-reaction photographs were 
made on Kodak Infrared Sheet Film in 
1945 in this same room during the 
projection of a motion picture. Three 
Kodatron lamps were used in a box with 
its open side toward the ceiling and 
covered by a No, 87 filter. The exposure 
time was 0.0001 sec at //3.5. These 
studies are described by Clark in his 
book Photography by Infrared.’ 


Presented on April 19, 1955, at the Society's 
Convention at Chicago by Herbert BE. Farmer 
for the author, Bernard R. Kantor, Dept. of 
Cinema, University of Southern California, 
University Park, Los Angeles 7, Calif. 

(This paper in revised form was received Sept. 
28, 1955.) 


Successful efforts were also made by 
Dr. Nicholas Rose at the University of 
California at Los Angeles in 1950 
utilizing still pictures, and later under 
the auspices of the Human Resources 
Research Laboratory using motion pic- 
tures. The work described herein is 
based on those experiments and was 
carried out at the University of Southern 
California, Dept. of Cinema, under U.S, 
Public Health Service Grant No. 3M 
9066. This project is being conducted 
under the direction of Dr. Lester F. Beck; 
in addition to the author, Loriene 
Johnston and Charles Van Horn are 
associated with the work. 


The Theater 


For the purposes of this experiment, a 
small room was remodeled to function 
both as an experimental and a preview 
theater (Fig. 1). This room is 25 X 13 fi 
with a 10-ft ceiling; it seats 25 people in 
five rows of tablet arm chairs. A large 
plywood baffle is placed in a front corner, 
at the side of the picture screen; the 
purpose of this baffle is to conceal the 
camera from the audience. Above the 
camera port, a dummy speaker grille 


the whole process is the fact that single-system 
sound is so good considering the “beating’’ that 
the film must take. 

Mr. Lewin: Do you bother putting soundtrack 
on these official race films? 

Mr. Bernd: Not at present. We are seriously 
considering the Minnesota Mining Laminating 
Machine for laminating the track on this film 
later on in the day for stewards and officials 
to make any notes for the permanent record that 
they might desire, and I’m glad to learn that 
television stations can now take audio off a 
magnetic stripe, which will open up an entirely 
new field of publicity for us in utilizing these race 
films 

Mr. Lewin: Would it be of some value to have 
the announcer’s voice recorded? 

Mr. Bernd: Yes, but it would introduce a 
problem, as these cameras do not all operate at 
the same time and are not synchronized with 
each other. The film would have to be edited 
down to fit the soundtrack because it is practically 
twice as long as the actual race itself. 


By BERNARD R. KANTOR 


has been added to give the baffle an 
appearance of serving a purpose other 
than camera concealment (Fig. 1). 

A 16mm Mitchell camera, controlled 
from the projection booth and blimped 
for silent operation, is fixed to a 6-ft steel 
cylinder which is bolted to the concrete 
floor, since the available space does not 
permit the use of a tripod (Fig. 2). 
The distance from the lens to the nearest 
seat is approximately 7 ft; when focused 
at 12 ft, a 15mm lens gives satisfactory 
coverage and focus over all five rows. 
No filters are used at the camera. 


The Light Source 


Normal lighting in the room is pro- 
vided by ordinary flush-type ceiling 
lights. In addition, nine bullet-type 
fixtures are mounted in three approxi- 
mately spaced rows on the ceiling. 
Using ordinary incandescent bulbs and 
an exposure meter, these lights were 
adjusted to give equal illumination over 
the entire area covered by the camera; 
the bulbs were removed and replaced by 
the infrared bulbs to be described below, 
care being taken not to disturb their ad- 
justment. The fixtures are mounted to 
throw their beam toward the audience 
at an angle of 45°; this keeps the visible 
portion of the light away from the screen, 
and eliminates the deep shadows which 
would result from lights immediately 
overhead, 
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Fig. 1. The front of the research room with both enclosures 


in position. 


The circuit for these lights terminates 
in the projection booth where a variable 
voltage transformer is placed in the 
circuit; in this way, one operator may 
control the illumination and operate 
both projector and camera, 


Filters 


The principal requirement for a light 
source in this case is that it provide a 
maximum of those wavelengths to which 
the film is sensitive, and a minimum of 
visible light. Experimentation has in- 
dicated that 150-w PAR 38 projector 
flood bulbs, coated with an infrared 
filter, fulfill this specification. The filter 
material is a modification of a formuia 
developed by R. B. Morris and D. A. 
Spencer of the Kodak Research Labora- 
tories, Wealdstone, Harrow, Middlesex, 
England, for coating flash bulbs.? 

The filter coating for bulbs contains: 


Eosine conc 
Tartrazine conc ‘ 6g 
Violet 4B conc 4g 
Green NV 150% or 100% 
cone.... 10g 
Gelatin Power, good chem- 
ical grade 
Glycerin, good chemical 
grade... 
Water. 


200 g 


100 ce 
1000 ce 


The gelatin is soaked for about an 
hour in 500 cc of the water at 70 F, then 
heated to 110-120 F and stirred until all 
dissolved. The four dye powders are 
dissolved separately in small quantities 
of warm water (not more than 150 F); 
all are readily soluble except the Violet 
4B which must be added to water a little 
at a time and completely dissolved be- 
fore the next addition. Each dye solution 
is diluted with an equal quantity of 
gelatin solution before it is mixed, to pro- 
tect against precipitation. The glycerin 
is diluted with an equal quantity of 
water at 120 F before it is added to the 
solution and the solutions of the ingredi- 


Fig. 2. The front of the research room with only one screen in 


position. The cylinder which supports the camera can be seen. 


ents are mixed together. The rest of the 
water is then added and the entire solu- 
tion filtered through two layers of muslin 
to remove undissolved particles and air 
bubbles. Except when preparing bulbs, 
this solution should be kept refrigerated 
as it has grown mold quite readily. 


Preparation of the Bulbs 


The dye solution is applied to the 
bulbs by dipping; the clean bulb is 


immersed in the solution to a depth of 


one inch, slowly withdrawn, and rotated 
slowly in the hand for several minutes 
until the mixture has begun to set, to 
insure uniform thickness, Practice with 
one or two bulbs should be sufficient to 
develop a technique which will yield 
uniform coatings free of air bubbles. 

After at least 4-hr air drying, the 
bulbs are burned for 2 hr at 30 v to cure 
them. A board on which several sockets 
are mounted is convenient for drying, 
curing and storing coated bulbs. 

Thickness of the coating is controlled 
by the temperature of the solution into 
which they are dipped; all bulbs used in 
this study were given four separate coats 
of the material at 96 F. This temperature 
is quite critical if uniform coatings are to 
be obtained, and must not be allowed to 
deviate mure than one degree in either 
direction. Four such separate coats, each 
dried before the next coat is applied, 
reduce the visible light to a level which 
does not distract the audience; a thicker 
filter effects very little reduction in 
visible light but increases the exposure 
necessary. 

Bulbs coated in this way will burn 
about one hour at 110 v_ before the 
coating softens and chars. For the 
experiment conducted with this pro- 
cedure, the bulbs were operated at 70 
v; this reduces the amount of visible 
light and greatly increases the life of the 
coated bulbs. 


Film and Processing 


All camera tests were conducted with 
Eastman High Speed Infrared Film. 
Using bulbs coated as described, and 
burning at 70 v, an exposure of //4.0, 
with the shutter set at 235° and the 
camera running at 24 frames/sec gives 
a suitable exposure, The film is slightly 
overdeveloped, to a gamma of 1,1 
in modified Kodak D-76. This negative 
can be printed satisfactorily at the 
middle range of a Bell & Howell Model 
J Printer. The film must be processed in 
complete and total darkness, 

In use in the research project for which 
this procedure was developed, an audi- 
ence is photographed under infrared 
light while they watch an 8-min film. 
This is followed by a 20-min discussion 
period which is photographed on the 
same film at the same exposure under 
room lights which provide about 16 [t-« 
of visible light at the desktops, This is a 
considerable over-exposure, but can be 
printed at about seven printer points 
higher than the infrared exposure, The 
white light exposure on infrared film 
“penetrating 
Init for the purposes of the 


gives the characteristic 


image,” 
experiment, is entirely satisfactory, 

Synchronized sound was provided for 
in this experiment by interlocking a 
recorder with the camera and projector 
(Fig 3). 

In the course of the research which led 
to this system, tests were conducted using 
Eastman Tri-X Film, This film gave a 
normal image when exposed at 16 f{t-c; 
but by over-developing, a fair image was 
obtained when the exposure was made at 
2 ft-c at f{/2.5 with other camera settings 
remaining the same as with the infrared 
film. From this it was determined that a 
film speed above 1400 was being used, 
The speed of the infrared film, when used 
with no filter, exposed to 16 ft-c of 
tungsten 


light, and developed to a 
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Fig. 3. Part of the interlock system. 


gamma of about 1,1 is well over 4000, 
computed on the same basis. 

The actual research data were 
gathered with infrared film since it was 
decided that 2 ft-c of light, and Tri-X 
film, was entirely too much visible light 
for a darkened theater, The actual 
audience reaction motion pictures taken 
with the Tri-X Film were equal to those 
taken with Infrared Film, The decision 
to use Infrared Film was based entirely 
on the great amount of visible light in the 
room with Tri-X, 

In photographing 
they are viewing motion pictures, in- 
frared film and the techniques just 
described gave excellent results (Fig. 4). 


audiences while 


Photographing audience reactions with- 
out their being distracted or aware of 


the fact is possible and entirely practic- 
able, The process is relatively uncom- 
plicated and the cost is hardly more than 
ordinary cinematography. 


Following the reading of the paper at 
Chicago, two 16mm sound films were 
shown, The first film, Photographing 
Audience Reactions, showed the facilities 
of the research room, described and 
illustrated the preparation of the bulbs 
and showed audience reaction footage 
of both Infrared and Tri-X film, 
pointing out advantages and disad- 
vantages of each type of film, The second 
film, U.S.C. Goofy Test, is an infrared 
motion picture and synchronized sound 
record of a mixed audience of small 
children through adults (25 in all) view- 


Fig. 4. Blowup from three frames of Infrared 
Audience Reaction Film. 


ing the Walt Disney cartoon, How to Play 
Football. The soundtrack included the 
sound from the film being viewed plus 
the laughter and remarks made by the 
audience, The picture was a visual record 
of the audience watching. 

The author wishes to express his 
appreciation to the staff of the Univer- 
sity of Southern California, Dept. of 
Cinema, Facilities, Production and Re- 
search Sections, whose excellent coopera- 
tion and unlimited patience made the 
development of this technique possible. 
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A New Look at Colorimetry 


This is a report on the proceedings of the International Commission on Illumination 


(CIE) which met in Zirich, Switzerland, from June 13 to June 22. The status of 
the revision of the standard data for colorimetry is explained and discussed. The 
present FCC standards for color television are specified in terms of colorimetric data 
adopted by the CIE in 1931. Most quantitative work on color, during the past 24 
years, has been based on the CIE data. The significance of the proposed revisions 
in relation to that work and to future work and specifications is discussed. 


A, A MEETING in Ziirich, Switzerland, 
June 13-22, a group of the world’s 
leading experts on colorimetry faced the 
unpleasant necessity of revising the 
CIE data on colorimetry. 

It may be recalled that the CIE color 
data played a prominent role in the 
development of the FCC standards for 
color television. From modest beginnings 
about 1937, the use of the CIE color 
standards in color cinematography has 
increased steadily, and the future growth 
of their application in the control of 
quality of color motion pictures, as well 
as in color television, can be forecast with 
confidence. Consequently, we have rea- 
son to be concerned about proposals 
to revise the CIE data. 

First, let it be said that suggestions for 
revision do not mean that all of the 
results obtained in the past 20 years were 
wrong or need be changed. The great 
bulk of them were correct, as far as they 
went. The greatest need is for more and 
more like them. But colorimetry should 
be usable for work to which it has not 
often been applied, like selecting better 
and cheaper pigments, or deciding when 
a gray in a three-layer film is exactly 
neutral. Since the only tangible stand- 
ards of neutrality, such as an image 
developed in positive 
film, are physically quite different from 
the grays formed in three-color film, 
this is a difficult problem. The CIE 
colorimetric data should be capable of 
handling it, but they are not. 


motion-picture 


The first suggestion that the CIE 
data were not adequate to solve such 
problems came in 1948 when Jacobsen* 
attempted to substitute the rutile variety 
of titanium dioxide in place of the more 
expensive anatase variety in a white 
refrigerator enamel. The formulation he 
derived by use of the CIE color data was 
unsatisfactory and resulted in a creamy, 
rather than a white, surface. 


Presented on October 6, 1955, at the Society's 
Convention at Lake Placid, N.Y., by D. L. 
MacAdam, Research Laboratories, Eastman 
Kodak Co., Rochester 4, N. Y. Dr. MacAdam 
was an official) delegate of the U. S. National 
Committee to the CIE meeting at Zurich, 

(This paper was received on September 2, 1955.) 
*A. E. Jacobsen, “Non-adaptability of the CIE 
system to some near-whites which show absorp- 
tion in the far blue region of the spectrum,” 
J. Opt. Soc. Am., 38: 442-444, May 1948, 


About the same time, Judd, of the 
U.S. National Bureau of Standards, had 
trouble with some standard glasses 
which, according to the CIE data, 
should have matched certain grades of 
petroleum oil, but they did not match 

Shortly afterwards, we ran into trouble 
trying to select standard neutral gray 
areas in processed Kodachrome and 
Ektachrome films for calibration of color 
densitometers. Of course, different people 
select different neutrals. The Eastman 
Kodak Co. turned to the CIE data to 
referee this disagreement, but everybody 
agreed that the CIE data indicated a 
sample that was too yellow. If just as 
many people had said it was too blue as 
had said it was too yellow, we would 
have blamed their disagreement on 
personal differences and would have 
used samples selected by the CIE. 
But since all of us agreed that the sample 
indicated by the CIE data was too yellow, 
we had to agree with Jacobsen and with 
Judd that there was something wrong 
with the CIE color data. 

To help us understand the story 
of the CIE 1931 data, let us define a 
term that will have to be used linear 
combination. A linear combination is a 
result that is obtained by adding together 
fixed percentages of a number of vari- 
able quantities, To specify a_ color, 
only three quantities are needed: the 
amounts of red, green, and blue light 
that have to be mixed to match the color. 
Those amounts are called color-mixture 
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values. For spectrum colors, they vary 
with wavelength. Their variations are 
shown by color-mixture curves, as in Fig. 1. 

Suppose that at each wavelength one- 
twentieth of the number that specifies 
the needed amount of blue is added to 
the number that specifies the needed 
amount of green. Finally, to that total 
add one-half the number that specifies 
the amount of red needed to match the 
same wavelength. The result is called a 
“linear combination’’ of the  color- 
mixture values. The result will change 
from wavelength to wavelength. That 
variation can be represented graphically 
by a curve similar to the color-mixture 
curves. In the case described, it is repre- 
sented by the heavy curve in Fig. 1. 
That curve resembles the luminosity 
curve (formerly called the visibility 
curve), which is often said to show the 
spectral sensitivity of the eye for bright- 
ness. This similarity seems to be at the 
root of the troubles with the CIE color- 
mixture values. 

The CIE data adopted in 1931 were 
based on the assumption that some linear 
combination of the color-mixture values 
should equal the luminosity value at 
every wavelength. Therefore, it did 
not seem necessary to determine actual 
color-mixture values experimentally. It 
was easier and seemed more accurate to 
determine only ratios of color-mixture 
values. Experimental data on ratios of 
color-mixture values were then adjusted 
to satisfy this assumption and to agree 
with the luminosity data adopted in 1924 
by the CIE. 

The difficulties encountered from 
1948-50 were first attributed to certain 
errors in the 1924 luminosity data which, 
it was thought, by the method of adjust- 
ment, might have affected the color- 
mixture values. Revision of the color- 
mixture values in 
appropriate minor corrections of the 
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Fig. 1. Color-mixture curves, 
representing amounts of red 
(r,), green (g,) and blue 
(b,) primaries required in a 
mixture visually matching 
equal amounts of each wave- 
length from 400 to 700 my. 
A linear combination of 
these color-mixture curves 
is indicated by the heavy 
curve. Based on Stiles’s 
tentative data. 
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luminosity data was proposed at the 
1951 meeting of the CIE. 

Postponement of action and direct 
determination of color-mixture values, 
without reliance on luminosity values, 
was advocated by the British com- 
mittee. Stiles, of the National Physi- 
cal Laboratory, Teddington, England, 
undertook the work and reported tenta- 
tive results at the meeting in Zurich in 
June 1955. According to his results, no 
linear combination of color-mixture 
values can be made to agree with even 
the proposed revised luminosity data 

The decision therefore faces the Com- 
mission as to whether the connection 
between the color-mixture and the 
luminosity values, which was assumed 
in 1931, should be retained or aban- 
doned. A decision on this point has been 
postponed until Stiles’s final data are 
available, Confirmation of the most dis- 
turbing feature of Stiles’s results by 
Sperling, working at the Medical Re- 
search Laboratory, U.S. Submarine 
Base, New London, Conn., makes it 
seem likely that one of the following two 
alternatives must be chosen: (1) we must 
abandon the connection between lumi- 
nosity and color-mixture data and accept 
the possibility of contradictions between 
the results Gf photometry and colorim- 
etry, or (2) we must adopt a revised 
luminosity curve significantly different 
from the present standard. According to 
this second alternative, the luminosity 
curve would be defined as a linear com- 
bination of directly determined color- 
mixture curves and would take into 
account only indirectly the great mass of 
experimental data on which the lumi- 
nosity curve has been based in the past. 
Such data would be used only to deter- 
mine the coefficients of the linear com- 
bination of color-mixture data which 
best fit the average luminosity data 

The proposed linear combination of 
directly determined color-mixture data 
will probably differ significantly from 
the present standard luminosity curve 
(adopted in 1924) in all regions of the 
spectrum. Although its maximum will 
occur at very nearly the same wave- 
length (555 my) as the present luminos- 
ity curve, it will probably be consider- 
ably wider, that is, less sharply peaked, 
and will certainly be much higher at the 
short-wavelength end. 

Reluctance to accept such changes of 
the luminosity curve is readily under- 
standable. Not only years of uniform, 
international laboratory and industry 
practice, but Federal law and also legis- 
lation of other countries have sanctioned 
the use of the 1924 CIE luminosity data. 

Since the color temperature of the 
primary standard of light intensity (a 
blackbody at the temperature of solidi- 
fication of pure platinum) is so low 
(2042 K), the luminosity curve must be 
used for photometry of very nearly all 
commercial lamps. The usual procedure 
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is to prepare a color filter which changes 
the color of the light from the standard 
source so that it matches the light from 
the sample source, Photometric com- 
parison of beams made to look alike by 
such filters is easy. All that remains to 
be done is to Getermine a “filter-factor”’ 
which specifies the reduction of intensity 
of the standard beam by the filter. 

The legal way to determine that factor, 


and the only way to avoid personal dis- 
agreements, is to compute it by use of the 


luminosity data. Any revision of the 
luminosity data would force a revision 
of the factors that have been used for all 
such filters in the past. Consequently, all 
lamp intensities based on such factors 
should also be revised. This is a very 
serious matter for the lamp and illumina- 
tion industries, which now provide most 
of the personnel and support for the 
CIE. It is estimated that the ratings 
of general-service, incandescent-tungsten 
lamps would be increased only 1 or 2%. 
But the ratings of daylight fluorescent 
lamps (and projection arcs, and kine- 
scope tubes) would be increased as much 
as 10%. Some highly chromatic light 
sources (such as railway, automobile and 
aircraft signal lights) would be increased 
100% or more. It is easy to understand 
the reluctance to accept a revision which 
would involve such important changes in 
so many large and different industries. 
The other alternative is equally irk- 
some, It could be expected to become 
increasingly obnoxious, particularly to 
the color-motion-picture and color-tele- 
vision industries. If the luminosity curve 
is not a linear combination of the revised 
standard color-mixture curves (2, 9, 2), 
then colorimetric specifications might in- 
dicate that two physically different 
colors are alike in all respects and yet, 
according to the standard luminosity 
data, they would have to be reported as 
having different luminances. Since all 
reproductions in color motion pictures 
and color television result in colors physi- 
cally different from the original colors, 
such contradictions and dilemmas would 
be potentially frequent and serious. 
Perhaps the most serious effect would 
be in confusion of concepts and un- 
necessary complication of discussions of 
the principles of color photography and 
color television. For example, most of the 
frequency band for color television is 
devoted to the luminance signal. That 
is the compatible part of the signal, 
which forms the image in monochrome 
receivers tuned to the color telecast. 
But if luminance is not a linear combina- 
tion of color-mixture data, then a lumin- 
ance signal cannot be compounded of 
the signals from a perfect, three-channel, 
color-television camera. The camera and 
the transmitter might be designed to 
yield the true luminance signal, but then, 
in principle, the chrominance signal 
could not be designed so as to yield 


correct color deproduction when com- 
bined with that luminance signal. 

Even though color-television cameras 
are not, and need not be, perfect, and 
even though the “luminance” signal is 
no, and need not be, perfectly repre- 
sentative of luminance, it is convenient, 
indeed almost imperative, to be able to 
talk in terms of the ideal. Such modes of 
discussion would be ruled out if the 
connection between colorimetry and 
heterochromatic photometry were aban- 
doned by the CIE. To avoid this, the 
luminosity data would have to be re- 
defined as linear combinations of color- 
mixture data; however the latter may be 
revised as a result of experimental 
redetermination now in progress. 

Consequently, it behooves the SMPTE 
and all other organizations concerned 
with the advancement of color television, 
color photography, and color reproduc- 
tion in general to participate aggres- 
sively in the current activities and de- 
liberations which will shortly lead to a 
decision by the CIE on this important 
matter. 

Nearly a quarter of a century has 
elapsed since the (1931) adoption of the 
present CIE resolutions concerning color- 
imetry, on which are based ali of the 
fundamental discussions of color repro- 
duction by television. All of the delegates 
to the CIE are determined that this 
time the job shall be done so well that 
no further revisions will be necessary in 
the next quarter of a century. Therefore, 
the present is the last chance for us to 
make our voices heard and our influence 
felt. 

In its own interest, as well as in the 
best long-term interest of all the color 
industries, the weighty and respected 
counsel of the SMPTE might appropri- 
ately be brought to bear favoring the 
redefinition of the luminosity data as a 
linear combination of directly determined 
color-mixture data. For that purpose, the 
best channels for comment and action 
are the Engineering Vice-President of 
the SMPTE, or our representatives on 
the U.S. National Committee of the 
CIE. 


Discussion 

W. T. Wintringham (Bell Telephone Labora- 
tories): As the SMPTE representative on the 
National Committee, CIE, I'd be very glad to 
hear any opinions that the Society has. How- 
ever, these are questions which I think Dr 
MacAdam can help me on. Do Stiles’ color- 
mixture data straighten out the troubles that 
Jacobsen and others have had in comparing 
colors? 

Second, while heterochromatic photometry is 
difficult, it is possible to do something by flicker. 
Do figures obtained by use of the present luminos- 
ity curve look wrong or do they turn out to be 
wrong when flicker photometry is used? 

And last, are the differences or inconsisten- 
cies between the two sets of data, the color- 
mixture functions and the luminosity function, 
are they real differences or might they be ex- 
plained on the basis of different intensity levels 
at which the two sets of experiments were per- 
formed? 
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Dr. MacAdam: In response to the first ques- 
tion, a field test is now being organized by Dr. 
Judd, of the National Bureau of Standards, in 
accordance with one of the recommendations 
adopted at the Zurich meeting of the CIE. 
Judd is using Stiles’ tentative data to prepare 
computation forms which will be circulated to 
al! interested persons, to test with troublesome 
colors such as I described. Stiles’ data seem to 
differ from the present CIE color-mixture func- 
tions in the manner required to eliminate the 
troubles 

In response to the second question, the changes 
proposed in the luminosity curve are rather 
small. They are embarrassing because the 
standard curve has been used so many years and 
because so many lamp output ratings would 
have to be changed. The most severe effects 
would be encountered with highly chromatic 
sources, for which heterochromatic photometry is 
highly unsatisfactory anyhow. Under ordinary 
circumstances of observation, I doubt if any- 
one would notice the differences resulting from 
the proposed revision of the luminosity curve. 
In the extreme cases, of highly chromatic sources, 
I think most people would agree that the effects 
of the proposed revision are in the right direction 
In response to the third question, differences 


between results for various observers are con- 


siderable, in both the luminosity curve and in the 
color-mixture curves. That's why we must 
have so many observers and take averages. But 
the adopted data also depend on the way in 
which the several groups of data are combined 
The way that was adopted in 1931 was to juggle 
the color-mixture values to make them fit the 
standard luminosity curve. The result was to 
put the standard color-mixture curves outside 
the spread of experimental curves. This was 
not noticed, because the color-mixture curves 
were not completely determined in 1931, Stiles 
is now in the process of rectifying this incomplete- 
ness. The CIE now proposes to base the color 
standard on Stiles’ final results, regardless of 
their relation to the standard luminosity curve 
I think this is highly desirable, but want to point 
out that it will lead to trouble unless the luminos- 
ity curve is redefined as a linear combination of 
the new color-mixture curves. I am sure that 
the linear combination that best fits the experi- 
mental luminosity data will be well within the 
experimental spread of luminosity curves 
When there is a choice of that sort, isn’t it best to 
take the one which keeps everything within the 
spread of experimental data? 

Now, concerning the luminosity data them- 
selves, the original experimental work was done 
under quite different experimental conditions 


than are used in modern visual colorimetry. 
However, Sperling used the same apparatus and 
the same conditions of observation, in order to 
get comparable color-mixture functions and 
luminosity functions for each observer. Al- 
though his work is not yet complete, his pre- 
liminary results seemed conclusive that no 
linear combination of the color-mixture data for 
an observer can fit the luminosity data of that 
observer within his experimental accuracy 
Logically, then, we should discard the very idea 
of a luminosity curve, as futile, But as engineers 
we have to deal with light as energy, and need 
some spectral sensitivity curve with which to 
evaluate visual intensity Therefore, we must 
choose an evaluating func tion arbitrarily, with- 
out hope of rigorous experimental justification 
On the other hand, we can get valid color-mix- 
ture functions. Disagreement between color and 
luminosity evaluations of physically different but 
visually equivalent colors would be intolerable 
Danger of such disagreements can be eliminated 
only by arbitrarily defining the standard luminos- 
ity data as a linear combination of the color- 
mixture data,* 


* Footnote added in editin This point of view 
is further elaborated by D. B, Judd in the Journal of 
the Optical Society of America for October, 1955, 
Vol. 45, page 697. 


Progress ‘Toward 


As CuHairrman or ASA Committee 
PH22 it has been my privilege to head 
the U.S. delegations to two meetings of 
the Technical Committee 36, Cinematog- 
raphy, of the International Standards 
Organization, The first of these was held 
at New York in 1952 and the second at 
Stockholm, Sweden, this past June. 

I am convinced that there are genuine 
business values in these voluntary inter- 
national activities just as there are busi- 
ness values in our own voluntary na- 
tional standardization efforts. In both 
cases, compliance is termed voluntary 
but the meaning is different from coun- 
try to country. In the U.S.A., voluntary 
compliance with a standard clearly 
means we are free to « omply or not as we 
wish. A buyer who wishes to purchase 
goods in accord with a given standard 
can place that requirement in a purchase 
order and compliance then becomes a 
matter of contract. On the other hand, 
engineers can plan a new balance of 
picture area, soundtrack and _ perfora- 
tion dimensions, and that new system 


Presented on October 3, 1955, at the Society's 
Convention at Lake Placid, N.Y.. by D. R 
White, Research Div., Photo Products Dept., 
E. I. du Pont de Nemours and Co., Inc., Parlin, 
N.J 

(This report was submitted on October 17, 1955.) 
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can compete with older systems without 
the mere existence of older standards 
being a complete bar to progress. 

There are countries where this descrip- 
tion does not apply. In some cases stand- 
ardization is considered a function of 
government, Compliance with a stand- 
ard set up within a given country can 
become a matter of law; therefore in such 
a case the voluntary acceptance of an in- 
ternational proposal is then not an in- 
dividual acceptance but is a national ac- 
ceptance. 

These differences in viewpoint and 
procedure enhance rather than lessen 
the importance of timeliness in standardi- 
zation activities. If delayed too long, di- 
verse proposals become law in different 
countries and agreement on any one 
proposal becomes very difficult, If 
started too early, the need is not sensed 
in all countries and there is a resulting 
lack of cooperation. Examples of each 
type could be cited from the Stockholm 
experience. I think, however, you can 
see the business value and importance of 
properly timed international standard- 
izing activity. 

The meeting in 1952 was the first 
meeting of its kind, and while significant 
work was accomplished, subsequent 
events showed opportunities for improve- 
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ment in organization and handling of 
details that had kept the paper work 
slowed to a snail’s pace, This was true 
even in areas where agreement appeared 
to have been reached at the meeting. 
Omitting the many details, suffice it to 
say that the organization of the 1955 
meeting benefited from the 1952 expe- 
rience and we hope and expect that fol- 
low-up work will proceed much more ex- 
peditiously, 

Before proceeding with the detailed 
account of progress and status, I would 
like to outline to you recognized distinct 
steps of progress named and designated 
in ISO procedure. 

A Draft ISO Proposal ‘s a document 
prepared by the Secretariat of a Tech- 
nical Committee and circulated for con- 
sideration by the members of that Com- 
mittee. Typically, a date is set, and un- 
less criticism is received before that date, 
approval is assumed for participating 
members, In case criticism is received 
which appears pertinent, the Secretariat 
can prepare 2d, 3d, 4th,... Draft ISO 
Proposals and circulate them until ap- 
proval is indicated by a majority. 

At this point, the document becomes a 
Draft ISO Recommendation and is sub- 
mitted to the ISO General Secretariat, 
together with a résumé of the back- 
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ground, The General Secretariat then 
circulates the Draft ISO Recommenda- 
tion to all ISO member countries and 
again sets a closing date for action. 

If a majority approves, a final report 
is prepared for review by the ISO Coun- 
cil which decides whether the Draft 
ISO Recommendation should be ac- 
cepted as an ISO Recommendation. 
An ISO Recommendation so accepted 
can be a good and effective working 
basis for international business in the 
area covered, 

Procedural steps also exist for the 
transformation of an ISO Recommenda- 
tion into an ISO Standard by steps re- 
quiring unanimous agreement of all 
ISO member nations, No such [SO 
Standards exist as yet. 

As a result of the New York meeting 
of 1952, 22 Draft ISO Proposais had 
been prepared and received the approv- 
als necessary for the preparation of the 
corresponding Draft ISO Recommenda- 
tions, Seven of these Draft ISO Recom- 
mendations were circulated early enough 
80 that the period for their consideration 
had expired prior to the Stockholm 
meeting, In each case, the official U.S. 
position was “approval.” 

Fifteen were circulated for considera- 
tion shortly prior to the Stockholm 
meeting with the period for considera- 
tion by national bodies due to expire 
September 20, 1955. These fifteen were 
given further consideration at Stockholm 
with the following results: 

Three were allowed to stand un- 
changed 

Nine were referred to the Secretariat 
for revision and re-submiassion, 

Three were ordered withdrawn for 


consolidation with new material not 
ready in 1952. 

The three which were allowed to 
stand unchanged were submitted to 
letter ballot of PH22. Additional sug- 
gestions for improvement were received 
and action has been taken to assure the 
opportunity for this, 

The nine in which the Secretariat was 
instructed to make revisions will be sub- 
mitted to letter ballot of PH22 when the 
new documents come through from the 
ISO General Secretariat, probably a few 
wecks from now. 

The Stockholm meeting resulted in 
agreement on the technical content of 
eight items to be prepared and circulated 
as Draft ISO Proposals, These were: 


Number Subject 


1 Film Dimensions (16mm) 
1 Screen Luminance 
4 Magnetic- Track 
and Locations 
Reproduction Characteristics 
of Magnetic Soundtracks 
Maximum Image Ratio and 
Location for Projection of 
Wide-Screen Pictures From 
Normal-Format Images 


Dimensions 


Seven of these are in the hands of the 
Secretariat and one is to be worked out 
in conjunction with a Permanent Work- 
ing Group, as they were called at Stock- 
holm. 

These Working Groups of ISO Tech- 
nical Committee 36 were charged with 
carrying out limited specific responsibili- 
ties assigned to them. Their work is ex- 
pected to result in presentation to the 
Secretariat of documents recommended 
for circulation as Draft ISO Proposals. 


The Working Groups are composed of 
representatives of nations which appear 
to have primary interests in the specific 
area covered, Acting for the U.S.A., I 
requested representation on all Working 
Groups formed. There were seven such 
groups set up to work in the following 
areas: 


Film Dimensions 

Definition and Marking, Safety Film 

Screen Luminance 

Films With Magnetic Striping 

Reproduction Characteristics (Mag- 
netic) 

Wide Screen Pictures 

Image Areas (16 mm) 


The men chosen to be the representa- 
tives of PH22 and, therefore, of the 
U.S.A. on the Permanent Working 
Groups are being instructed to: 


1. Plan their work to agree with 
current activities of the appropriate En- 
gineering Committee of the SMPTE 
and PH22, and seck Committee advice 
and guidance when necessary and de- 
sirable. 

2. Clear policy matters with the 
Chairman of PH22. 

3. Provide the Secretary of PH22 
with copies of international correspond- 
ence. 


Based on present experience, this will 
yield Draft ISO Proposals of good tech- 
nical quality. 

I believe you will recognize from this 
brief review the significant progress 
which is being made in international 
standardization in cinematography. 


motion-picture standards 


SMPTE Recommended Practice 
Approved 


The proposed SMPTE Recommended 
Practice, Magnetic Coating of 16mm Mag- 
netic-Photographic Sound Record, pub- 
lished in the May 1955 Journal for trial 
and comment, was approved without 
change by the Society’s Board of Gover- 
nors on October 2, 1955, at its quarterly 
meeting preceding the opening of the 
Society's 78th Convention at Lake Placid. 

A copy of this Recommended Practice 
may be had without charge upon request 
directed to Henry Kopel, Staff Engineer, 
at Society headquarters.—/..K. 


Revision of American Standard— 
PH22.34, Dimensions for 35mm 
Motion-Picture Negative Raw Stock 


A proposed revision of American Stand- 
ard Z722.34-1949 is published on the fol- 
lowing page for a three-month period of 
trial and criticism. All comments should 
be sent to Henry Kogel, SMPTE Staff En- 
gineer, prior to February 15, 1956. If no 
adverse comments are received, this pro- 
posal will then be submitted to ASA Sec- 
tional Committee PH22 for further process- 
ing as an American Standard, 

The proposed revisions of this standard 
as approved by the Film Dimensions and 


Standards Committees are peripheral 
rather than fundamental in nature and 
consist of the following: 

(1) Changes in the table of dimensions 
to make the dimension and its tolerance 
consistent. 

(2) Modification of the method of indi- 
cating dimension G to be in accord with 
international practice and the other film 
dimension standards processed since 1952. 

(3) Interchange of symbol F for I so 
that the dimensions will have an alpha- 
betical sequence. 

(4) Addition to the appendix of the 
concept that film may swell as well as 


shrink. 
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(5) Addition of note 5 to provide a 
cross reference to American Stardard 
PH22.93-1953, Dimensions for 35mm 
Motion-Picture Short-Pitch Negative Film. 

It is interesting to note that both in the 
previous review of this standard in 1948 
and in the present review, proposals were 
made that the standard be withdrawn, 
although for entirely different reasons. As 
stated on page 358 of the March 1949 
Journal, the question at that time was the 
cifference between the 35mm negative and 
positive perforations and the hope that the 
development of a universal negative-posi- 
tive perforation might replace the differ- 
ing films and standards. This negative- 
positive perforation, based on an original 
proposal by Dubray and Howell, has come 
into existence and has been standardized 
in PH22.1-1953, Dimensions for 35mm 
Motion-Picture Film Alternate Standards 
for Either Positive or Negative Raw Stock. 
However, this has not replaced the need 
for the negative perforation. 

Note 5 of the proposed standard provides 
the clue to the question today. PH22.93 
1953, Dimensions for 35mm Motion-Pic- 
ture Short-Pitch Negative Film, was de- 
veloped to take into account the need to 
decrease the pitch of negative film to make 
allowance for the recent decrease in the 
shrinkage characteristics of film. This de- 
crease in pitch prevents any relative slip- 
page between the negative and positive 
film when a sprocket-type printer is em- 
ployed. (The details of this story were pub- 
lished in the December 1952 Journal, page 
527.) With the development of short-pitch 
negative film, there has been a constant 
shift in the proportion of negative film per- 
forated according to PH22.34 and PH22.93 
with an ever-increasing amount per- 
forated to the specifications of the latter 
standard, The question raised in this period 
was, therefore, whether sufficient film is 
being perforated to PH22.34 specifications 
to justify the continuance of this standard. 
The answer to this was in the affirmative 
and consequently, the processing of this 
standard has been continued. However, 
it is considered unlikely that it will remain 
in force for any lengthy period.—-H.K. 


Proposed Alternate Standard 
for Positive Raw Stock 


A Proposed American Standard, 35mm 
Motion-Picture Alternate Standard for 
Positive Raw Stock, PH22.102, is published 
here for a three-month period of trial and 
criticism. All comments should be sent to 
Henry Kogel, Staff Engineer, prior to 
February 15, 1956. If no adverse comments 
are received, the proposal will then be 
submitted to ASA Sectional Committee 
PH22 for further processing as an Ameri- 
can Standard. 

Late in April 1953, the 20th Century-Fox 
Film Corp. requested the cooperation of the 
Eastman Kodak Co. in the modification of 
release-print perforations to obtain more 
space for picture and four magnetic sound- 
tracks on 35mm film for the CinemaScope 
process then in a stage of development. 
The present proposal is an outgrowth of 
the joint activities begun at that time. 

The following considerations entered 
into the design of the new perforations and 
sprockets: 

(1) Additional usable area could be 


Proposed American Standard 
PH22.34 
Dimensions For 
Rev. 122.34.1949 
35mm Motion-Picture Negative Raw Stock 
© 
© © 
© © 
F 
© 
oO 
=) 
O Inches Millimeters 
O O A x77 0.00) 0.03 
artes = 200 = 
0.0730 0.0004 1.854 0.010 
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~ 19.900 0.015 wate 0.38 


These dimensions and tolerances apply to the material immediately after cutting and perforating. 


1. This film is used for motion-picture negatives and 
certain special processes 
2. Method of indicating dimension G is the main 
change from 222.34-1949. 
*3. A-calculated valve for a di 
routinely in production. 


not d 


14, This dimension represents the length of any 100 
consecutive perforation intervals 

5. This stondard differs from American Standard 
PH22.93-1953, Dimensfons For 35mm Motion- 
Picture Short-Pitch Nogative Film, only in the 
values of B and L. 


The dimensions given in this standard represent the 
practice of film manufacturers in that the dimensions 
and tolerances are for film immediately ofter per- 
foration. The punches and dies themselves are made to 
tol iderably smaller than those given, but 
since film is a plastic material, the dimensions of the 
slit and perforated film never agree exactly with the 
dimensions of the slitters, punches and dies. Film can 
shrink or swell dus to loss or gain in moisture content 
or can shrink due to loss of solvent. These changes 


invariably result in changes in the dimensions during 
the life of the film. The change is generally uniform 
throughout a roll. 

The uniformity of perforation is one of the most im- 
portant of the variables affecting steadiness. 
Variations in pitch from roll to roll are of little sig- 
nificance compared to variations from one sprocket 
hole to the next. Actually, it is the maximum variation 
from one sprocket hole to the next within any small 
group that is important. 


gained by decreasing the width of the per- 
foration, dimension C, in American Stand- 
ard 2Z22.36-1947 (now PH22.36-1954) 
and moving the perforations and sprocket 
tecth away from the center of the film by 
increasing dimension I in PH22.36 (di- 
mension F in this proposal ) 

(2) The sprockets must give satisfactory 
wear with the existing release-print per- 
forations as specified in PH22.36, Dimen- 
sions for 35mm Motion-Picture Positive 
Raw Stock. 

(3) The sprocket teeth must be enough 
smaller than the flat portion of the perfora- 
tion to permit film having a shrinkage 
range of 0 to 0.6% to run on the sprockets 
satisfactorily. 

(4) Enough tolerance in the width of 
the hole must be allowed to permit a 
weave of 0.002 in. in the film without 


NOT APPROVED 


having the sprocket reeth come in contact 
with the rounded portion of the sprocket 
hole. 


(5) It was believed from earlier test 
data that if the interinittent sprocket diam- 
eter were increased to 0.953 in. from the 
0,.935-0,953 in. range found in commercial 
practice, the decrease in wear on the film 
obtained by using the theoretically better 
sprocket diameter would offset any possible 
increase in wear that might be caused by 
the narrow teeth, 


The special considerations involved in 
the use of release-print films with differing 
perforations are outlined in Appendix 2 
and 3 of the proposal 

This proposal has been approved by the 
Film Dimensions and Standards Com- 
mittees. —/LK., 
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WORLD’S LARGEST CONSOLE 


16 6-channel groups...96 input channels 


This huge console, custom built by Westrex for the 
Todd-AO production, “Oklahoma”, was designed, 
manufactured, and delivered in six months as part 
of the complete recording, re-recording, and edit- 
ing equipment supplied by Westrex. 


Research, Distribution and Service for 
the Motion Picture Industry 


45mm magnetic film. AT RIGHT: Westrex Editer—with 70mm 
film in the picture gate, and two 36mm sound films, one in the 


Might: Avenue, ven Colif. regular gate and one in the special sound head attachment. 
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news and 


7%h Convention, New York 


A tentative format has been organized by 
Ben Plakun, on the 
basis of ideas assembled chiefly at the 
Papers Committee meeting at Lake Placid, 
October 5 

Subject to many small changes right up 
to Convention time April 30 the 
technical sessions will start off with labora- 
tory practice papers all day Monday, 
followed by consideration of miscellaneous 
film sizes on Monday evening. Tuesday 
will have sessions covering motion-picture 
production, projection and viewing and 
some somewhat popular papers on tele- 
vision and high-speed photography in the 
evening. Television in general, but studio 
lighting in particular, will comprise con- 
current sessions with high-speed photog- 
raphy on Wednesday. Thursday and 
Friday sessions will cover screen brightness 
and sound, chiefly sound recording. 


Television Studio Lighting 


Hank Gurin, and his 
Studio Lighting Committee, 


Program Chairman, 


SMPTE TV 
have been 


planning an extensive Studio Lighting 
Symposium, Hank says: 

“Do you have a problem in TV studio 
lighting? Or have you found a solution 
to any particular difficulties about which 
you can tell others? These sessions will 
stress transition from black-and-white to 
color. 

“The TV Studio Lighting Committee 
is inviting all those interested to submit 
technical papers or to take part in a panel 
discussion to be held after the papers are 
presented. Broadcasters and equipment 
manufacturers are urged to participate.” 

Those wishing to take part should send 
title of their subject and brief abstract to: 


H. M. Gurin, Chairman 

SMPTE TV Studio Lighting 
Committee 

55 W. 42 St. (Room 1004) 

New York 36 


Equipment Exhibits 

The Spring Convention will have 
exhibits. In October a brochure with floor 
plans was sent to the Society’s Sustaining 


reports 


Members and to others possibly interested. 
More than half the space has already been 
contracted for. All Convention registrants 
and guests of exhibitors will have passes to 
visit the exhibit area in the Penn Top 
South in New York’s Statler. The public 
will not be admitted. Full information is 
available from: 


Everett Miller, Exhibit Chairman 
RCA Film Recording 

411 Fifth Ave. 

New York 16 


Papers Program Planning 


Until the complete roster of Subject 
Chairmen for the Convention is announced, 
inquiries or suggestions about technical 
papers should go to Papers Committee 
members (p. 197, April 1955 Journal) or to: 


Bernard D. Plakun, SMPTE Program 
Chairman 

General Precision Laboratory Inc 

Pleasantville, N.Y. 


at 50 feet a miowte 


Oscar Fisher Company, Inc., pioneers in photographic 
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| Now...a continuous SPRAY PROCESSOR 
of spray cabinets for REVERSAL or COLOR film. 
OSCAR FISHER COMPANY, INC. 
ag 1000 North Division Street * Peekskill, | 
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Report on Lake Placid 


Convention 


The 78th convention proved highly 
successful, surpassing all expectations. 
Total attendance was about 450, compared 
with the 218 who attended the last Lake 
Placid convention in 1950. Member 
weekly registration totalled 236; member 
daily registration, 31; ladies registration, 
125; and nonmember registration, 58. 
One-hundred and five members and 61 
ladies took advantage of the time-saving 
method of advance registration initiated 
at the 77th Convention in Chicago last 
Spring. 

The 78th papers program featured the 
theme “Color in Motion Pictures and 
Television.” Organized by Glenn Mat- 
thews, it consisted of 57 technical papers, 
divided into 12 sessions on materials and 
standards, studio practice, projection and 
viewing, laboratory practice, television 
practice, high-speed photography, educa- 
tional TV and television equipment, and 
television and sound. 

lo distribute the burden of detail work 
and permit more careful review of proposed 
papers, Glenn was assisted by Gordon 
Chambers, in charge of the Laboratory 
Practice sessions; John Stott, who co- 
ordinated papers on Materials and Stand- 
ards; Charles Daily, in charge of Pro- 
jection and Viewing sessions; Fred Kolb, 
coordinator for the roundtable on Projec- 
tion for the Large Screen; Gentry Veal, 
in charge of the Television Practice 
Sessions; Petro Vlahos, in charge of the 
Studio Practice session; and John Waddell, 
in charge of the High-Speed Photography 
sessions. 

The technical papers included two from 
Tokyo, two from Germany and three from 
Canada. For the first time, a small session 
was arranged on educational television with 
the purpose of acquainting our members 
with activities in this rapidly growing field. 

An innovation on the technical program 
was three roundtable discussions on im. 
portant subjects of high current interest 
to the motion-picture and _ television 
industries — Motion-Picture Studio Pro- 
duction Problems; Projection for the Wide 
Screen; and Problems of Network Broad- 
casting in Monochrome and Color. Each 
of the roundtables consisted of a panel of 
four or more experts who presented their 
views on the subject under discussion and 
then answered a lively barrage of questions 
from the floor. Chairmen of the panel dis- 
cussions were Norwood Simmons, Fred 
Kolb and Gentry Veal. 

The complete roster of papers as finally 
presented will appear in the December 
Journal, The high quality of the technical 
sessions will be reflected in forthcoming 
Journals when the papers and discussions 
which followed them are published. 

Credit for the quality and smoothness 
of the convention is due Byron Roudabush, 
Convention Vice-President, Don Hynd- 
man, Local Arrangements Chairman, and 
their able team of committee chairmen. 
All did an excellent job despite the fact 
that advance arrangements had to be 
handled at a distance from Lake Placid. 

The difficult and demanding job of 
registration was directed by Jim Naughton, 
who was assisted by Bill Westphal in the 


auditing department, and Marie Lucas 
Even the lengthy lines that formed carly 
Monday morning didn’t ruffle the calm 
of this able group, which handled their 
tasks smoothly and efficiently. 

Hotel Arrangements were the province 
of Lou Feldman, who handled these tasks 
with dispatch and even found time to be 
of assistance in other areas. 

Another man of all work was Adminis- 
trative Assistant Bill Metzger who willingly 
lent a hand wherever needed. 

The cordial dispenser of hospitality, 
and general information about local tourist 
attractions, was Gar Misener. His Hos- 
pitality Desk and the neighboring Member- 
ship Desk manned by Joe Aiken provided 


daily service to convention registrants. 


ACCURACY 


This word, in film processing, is a very important 
word indeed. 


People tell you that one film processing job 
is as good as another, and what the heck, what's the 
measure of accuracy, anyway? 


Well. To answer that one would take a very long time. 
Suffice it to say here that it’s summed up in 

all the operations of a processing job, where even 
the smallest details are of great importance. 

It shows everywhere, and it positively shines when 
the film appears on the screen. 


What we're talking about, of course, are the people 
and the operations at Precision Film Laboratories. 
Here attention to detail, sound, proven techniques 
are applied by skilled, expert technicians to 

assure you the accurate, exact processing your films 
deserve to justify your best production efforts. 


Accuracy is a must for TV — for industrials ~ for 
education —for all movies 


rium 


Joe snared six new Society members and 
did a thriving business in membership pins 
as well. 

The complex projection chores were 
directed by Bill Hecht and Jim Moses; 
and activities in the public address and 
recording departments were the responsi- 
bility of Jack Leahy. For their virtually 
twenty-four hour a day jobs, they deserve 
special thanks. 

Up-to-the-minute printed word of what 
was transpiring went to the outside world 
via the typewriter of Sue Grotta, who 
handled publicity. 

For the extensive and enjoyable enter- 
tainment program in which everyone 
readily took part, thanks are due to Reid 
Ray, Entertainment Chairman, Earl Spon- 


ine 


21 Weet 46th Street, New Yor 36. New York 


In everything, there is one best. . .in tlim processing, it's Precision 
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able and Frank Cahill. Their program was 
unusual and original, and its informality 
provided excellent opportunities for mem- 
to get better 
activities were by Bunny 


bers to know each other 
Golf 
Hanson 


Last but certainly not least were the 


handled 


ladies, Their committee was headed by 
Oscar Neu with Mrs. Hyndman and Mrs 
Sponable serving ably and graciously as 
cohostesses 

The Annual Awards the full 
text of which will appear in the December 
directed by 
Through his efforts the program 


session, 


Journal, was arranged and 
John Stott 
was interesting and dignified, in keeping 
with the importance of this annual occasion 


at which the Society formally recognizes 


the technical accomplishments of members 
of the industry. John also served as Chair- 
man of the Banquet Committee. 

The “Camera Trails Along Nature 
Trails” illustrated lecture by Dick and 
Ada Bird was one of the more rewarding 
and interesting experiences of the con- 
vention. In addition to the excellent color 
motion pictures of bird and small animal 
life in the United States and Canada, 
those attending were charmed by the dry 
wit and humor of Mr. Bird's interesting 
account of his experiences. 

Bird, a former newsreel cameraman of 
nearly 50 years experience, and Ada, his 
pretty brunette wife and assistant photog- 
rapher, have worked in a remote area of 
the Canadian Rockies several months each 


YOU'VE ALWAYS WANTED IT . 
AND HERE IT IS! 


Price: $195.00 
(less viewer) 


DUAL READER 


Play SOUND with ANY 16mm motion picture viewer. 
Edit SOUND and PICTURE in perfect synchronization. 
For SINGLE and DOUBLE system editing. 

Works with left to right or right to left viewers. 
Operates on 110-120 volts 60 cycles AC. 

Includes sound head, amplifier, and base for viewer. 
Smart modern design, attractive brown wrinkle finish. 


SOUND HEAD, pre-focused exciter lamp socket, reads variable 
area or density track, highly polished and chrome plated film track 


will not damage your film. 


AMPLIFIER, 5 watt output with built-in Alnico speaker, exciter 
lamp rheostat control, speaker can be moved away from the 
editing table, headphone jack for listening without disturbing 


others. 


SEND FOR DESCRIPTIVE LITERATURE! 


ne CAMERA @¢ MART we. 


MOTION PICTURE AND TV EQUIPMENT 


1845 BROADWAY at 60th St. 
NEW YORK 23, NEW YORK 
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PHONE: Circle 6-0930 
CABLE: CAMERAMART 
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summer for five years making shots for the 
Disney picture Arctic Wilderness, scheduled 
for release in 1956. Each of these intrepid 
photographers has infinite patience, in- 
satiable curiosity to search out their quarry, 
and great skill to record the scene and 
action on Kodachrome film. 

The Birds use only their original color 
film for their lectures and many who saw 
their motion pictures expressed amaze- 
ment at the freedom from scratches and 
dirt of the film. They were even more 
impressed when Dick told them after 
the lecture that some of the sequences of 
this film had been projected more than 
1000 times. Ada always rewinds and wipes 
the film after each showing and maintains 
the projector in first-class condition. 

In addition to showing their pictures to 
groups all over this country and Canada, 
these two nature photographers preach 
conservation at every opportunity, pointing 
out that the birds destroy countless insects 
that otherwise do considerable 
damage to crops. 

When working in the field, most of their 
shots are made without the use of blinds 
by remaining long hours in the area until 
the bird or animal they want to photo- 
graph becomes accustomed to them. 
Dick dislikes rehearsed shots and prefers to 
photograph nature as he finds it. 

During the convention 12 engineering 
committee meetings were held. There 
were also the 79th Convention Papers 
Meeting and the meetings for 79th and 
80th Convention Arrangements. S.C. 


would 


Society Election 


The 1955 national SMPTE election ballots 
were counted on October 2, and the results 
of the election were reported to the mem- 
bership at the Annual Meeting held on 
October 3 during the 78th semiannual 
convention at the Lake Placid Club, 
Essex County, N.Y. The following national 
officers and governors were re-elected for 
two-year terms beginning January 1, 1956: 


John W. Servies, Financial Vice-President 
Axel G. Jensen, Engineering Vice-President 
Geo. W. Colburn, Treasurer 

Frank N. Gillette, Governor, East 

Garland C, Misener, Governor, East 
Richard ©. Painter, Governor, Central 
Reid H. Ray, Governor, Central 

Lorin D. Grignon, Governor, West 

Ralph E. Lovell, Governor, West 

President Frayne announced that the 
Board of Governors had accepted with 
regret the resignation of Secretary Edward 
S. Seeley whose move to the West Coast 
and new duties were described in the 
Septemb.r Journal. Wilton R. Holm was 
appointea to fill the remainder of the 
Secretary’s term, through December 31, 
1956. 

The following section officers and 
managers were elected — the Chairmen and 
Secretary-Treasurers for one-year terms, 
the Managers for two. By virtue of their 
offices the three section chairmen also 
serve one-year terms as Society Governors. 
Atlantic Coast Section 
George H. Gordon, Chairman 
Victor M. Salter, Secretary-Treasurer 
Albert A. Duryea, Manager 
Robert M. Fraser, Manager 


64 


' 
| 
| | 
| | 
| 
| 
| 
| 
| 
| 
| 
| 


NOW! These six laboratories offer fast magnetic 
Magna-Striping’ for all 16mm films! 


Byron Labs 
1226 Wisconsin Ave., Washington, D.C. 


Colburn Labs 
164 N. Wacker Drive, Chicago 6, Illinois 


Consolidated Film Industries, Inc. 
959 Seward Street, Hollywood 38, California 


Animex 
Nieuwe Gracht 7, Haarlem, Holland 


Sathaporn Cinema Co. 


2196 Tung Mahamek, Bangkok, Thailand FOR EVERY SOUND REASON 


Reeves Soundcraft REEVES $0 U N C RAFT CORP. 


671 Hope St., Springdale, Conn. 
a a 10 East 52nd Street, New York 22, N. Y. 
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Burton F, Perry, Manager 

(Saul Jeffee has been appointed to fill the 
unexpired term of Victor M. Salter who was 
on the Board of Managers and was elected 
Secretary-Treasurer. ) 


Central Section 

Kenneth M. Mason, Chairman 

Howard H. Brauer, Secretary-Treasurer 
Robert E.. Colburn, Manager 

Philip E.. Smith, Manager 

(A tie for the third Managership was un- 
resolved at the time of printing. The out- 
come will be reported in a later issue of the 
Journal.) 


Pacifie Coast Section 

Edwin W. Templin, Chairman 

John W. DuVall, Secretary-Treasurer 
Merle H, Chamberlin, Manager 

G, Carleton Hunt, Manager 

Cameron G. Pierce, Manager 


S28 


Board of Governors 


The fourth meeting for 1955 of the Society's 
Board of Governors was held on Octobe 
2 at the Lake Placid Club, Essex County, 
New York. As usual the Board met at the 
close of the third quarter to review opera- 
tions for the year and to plan the seale of 
activities to be conducted through 1956. 
The Board discussed extensively the 
question of resort conventions and con- 
cluded that conventions should not be held 
at resorts so often as to become a hardship 
to a large portion of the membership. nor 
to make it difficult to introduce new people 
to the work of the Society. In some cases 
expenses are a problem and daily registra- 
tion falls off in isolated locations. At 
present we hold approximately one resort 
convention every three years; the next is 
planned for May of 1959 in Miami Beach. 


PEERLESS offers 


complete One-Stop Servicing 
for 


FILM RECONDITIONING 


G 


HOSS 


And don’t forget PEERLESS TREATMENT for new, 


“green” prints to make them ready for hard usage. 


EERLESS | 


FILM PROCESSING CORPORATION 
165 WEST 46th STREET, NEW YORK 36, N.Y. 
959 SEWARD STREET, HOLLYWOOD 38, CALIF 


Get longer life from your prints! YS 


f 


The Board also received, but delayed 
acting upon, a suggestion that at some 
time in the future conventions be scheduled 
from midweck to midweek, thus allowing 
members’ families to take advantage of 
reduced transportation rates. 

John W. Servies, Financial Vice-Presi- 
dent, reported on the present state of 
fiscal affairs and presented budget recom- 
mendations for 1956 for Board approval. 
Included in this plan for continued growth 
of the Society are the following recommen- 
dations approved by the Board for adoption 
in 1956: purchase by the Society of an 
Addressograph membership record system, 
specifically designed for the needs of 
SMPTE this system to facilitate the 
Society’s ability to service its growing 
membership efficiently and accurately; 
adoption of a program of publicity-public 
relations aimed at informing members of 
Society activities through monthly news- 
letter-section meeting notices and through 
brief items in the Journal, and introducing 
others to what we are doing throug): 
releases to the trade and daily press 
publication of the Color Committee's 
treatise on “Elements of Color in Pro- 
fessional Motion Pictures’; publication of 
a 40-year Journal index; introduction of a 
standards binder service to be available as 
soon as internal controls are developed ; 
and installation of air conditioning at 
Society Headquarters. 

Publication of American Standard 
“Screen Brightness for 16mm _ Laboratory 
Review Rooms’ and SMPTE Recom- 
mended Practice ‘“‘Magnetic and Photo- 
graphic Sound on 16mm Film With Per- 
forations Along One Edge’ was authorized 
by the Board. 

Norwood L. Simmons, Editorial Vice- 
President, reported that the first meeting of 
the newly formed Publications Advisory 
Committee would be held during the 78th 
convention. Members of that group are: 
F. T. Bowditch, Glenn L. Dimmick, 
Lloyd T. Goldsmith, Ralph E. Lovell, 
Glenn E. Matthews, Pierre Mertz and 
Lloyd Thompson. Dr. Simmons also 
noted that Lloyd Thompson had been 
appointed Progress Committee Chairman 
for 1956. 

President Frayne reported that Edward 
S. Seeley, who had recently moved from 
New York to Hollywood, would be unable 
to carry a heavy load of Society work and 
so had submitted his resignation as Secre- 
tary of the Society. It was proposed that 
Wilton R. Holm be appointed to fill the 
unexpired portion of Mr. Seeley’s term. 
The Board accepted the changes and 
recommended that Mr. Seeley “be ac- 
corded the highest commendation for his 
years of careful and untiring work in 
discharging the parliamentary and other 
resvonsibilities of the office of Secretary.” 

Frank N. Gillette, Chairman of the 
Committee on Membership Requirements, 
reported that his committee had examined 
carefully the present membership require- 
ments and admissions policies of the Society 
to determine if they presented any danger 
in regard to possible reduction in the 
professional caliber of Society membership. 
It was the conclusion of this group, ap- 
proved by the Board, that the present 
system appears to be successful and that if 
care is taken by Membership and Ad- 
missions Committee members in the 
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hand rewind negative rewind set differential rewind power rewind 


precision film editing equipment 


HOLLYWOOD FILM COMPANY 


HO 2-3284 

356 NO. SEWARD ST. 
HOLLYWOOD 38 
CALIFORNIA 


synchronizer split reels film racks editing table 


vault cans swivel base tightwind film storage cabinet 


ae at better dealers everywhere 
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conduct of their duties that “there should 
with undue 
dilution of quality of our voting member- 
ship.’ 

President Frayne reported on the initial 
Com- 


be no difficulty whatever 


results of the Education 
program Three 
courses of instruction are 


tangible 
mittee’s professional 
now being 
offered through the Los Angeles Extension 
Division of the University of California 
in “Illumination Optics,” “Duplication of 
Motion Pictures,” “Motion 
Picture Laboratory Practice,”’ 

A report of the activities of the Member- 
ship Committee, submitted to the Board 
by John W, DuVall, National Membership 
Chairman, indicated that 702 new mem- 
had Society 


Color and 


bers been admitted to the 


sae FRANCISCO 


< 


909 


HUNT 


during 1955 to September 23. This brings 
total net membership to 5,412. 


Annual Meeting 


The 1955 Annual Meeting of the Society 
was held on October 3 at Lake Placid. 
Three amendments to the Constitution, 
published in the August 1955 Journal, 
p. 448, were read and explained to the 
members attending. These amendments 
will now be submitted by letter ballot to the 
voting membership of the Society 

Because a quorum of voting membership 
was not present at the Annual Meeting, 
ten proposed amendments to the Bylaws, 
also published in the August 
were referred to the Board for final action 
and were passed, effective October 3. 


Journal, 


CLEVELAND 
} PHIL ADELPHIA 


CAMBRIDGE 
BROOKLYN 


has never failed a customer! 


Hunt, the largest exclusive manufacturer 
of photographic and graphic arts chemi- 
cals in the United States, is an unfailing 
source of supply to the motion picture 
industry. Despite strikes, manufacturing 
shortages — nothing has ever stopped us 
from making deliveries. We'll trans-ship 
from one depot to another when neces 
sary —but your order will be there when 


promised. 


Manufacturing 
Chemists 1909 


* Cleveland + Cambridge 


Chieage 
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Brooklyn * Atlanta + 


FOR RESEARCH 
ASSISTANCE WRITE TO: 
THOMAS T. HILL, 
Director Photographic 
Resea. 


FOR TECHNICAL 

SERVICE WRITE TO: 
CHARLES F. LO BALBO, 
Motion Picture 

Technical Advisor 


PHILIP A. HUNT COMPANY 


PALISADES PARK, J. 


Dallas «+ Lee Angeles + San Francisco 


section reports 


The regular September technical session 

of the Pacific Coast Section was held in 

Hollywood at the National Broadcasting 

Company's recently converted Studio A. 

There were 220 members attending. 

Frank J. Somers, Television Mainte- 
nance Supervisor at NBC, Hollywood, 
presented a discussion of the architectural 
and electrical changes which had been 
made to convert Studio A for television 
film production. The Groucho Marx show 
is one of the productions regularly made 
there. 

Sid Solow, Manager of Consolidated 
Film Industries, Hollywood, discussed, 
“Making 16mm Eastman Color Prints 
From a Kodachrome Original Using 35mm 
Eastman Color Camera Negative as an 
Intermediate.” This was based on his 
paper which was so well received at the 
SMPTE Convention in Chicago in April 
1955. 

Jack L.. Copeland, President of Copeland 
& Associates, Los Angeles, showed a 
prize-winning film, Eye to the Unknown, 
which was produced by his organization 
The film described a new method of high- 
speed chemical analysis mass spec- 
trometry. 

The officers and program committee of 
the Pacific Coast Section greatly appreciate 
the courtesy of Thomas W. Sarnoff, 
NBC, Hollywood, in making the studio 
and facilities available for this meeting, 
and also are grateful to Ralph E. Lovell of 
NBC for his cooperation in making the 
necessary studio arrangements. 

The regular October technical session 
of the Pacific Coast Section was held at 
the American Broadcasting Company, 
Hollywood, Studio A, on Tuesday, October 
18. A total of 205 members and guests 
attended. 

The program consisted of four papers 
which had been presented at the 78th 
Semiannual Convention, Lake Placid, 
two wecks earlier, The papers, which all 
dealt with high-speed photography, were: 
“The Iconolog — A Semiautomatic XY 

Coordinate Film-Reading Device for 

Recording and Tabulation of Data in 

Decimal-Digital Form,” by Ralph E. 

Brown of Genisco, Inc. 

“Data Reduction Equipment,” presented 
by Robert Hill of Coleman Engineering 
Co. 

“A New Film Reading Machine of Rather 
Unusual Versatility,” by Bernard S. 
Benson of Benson-Lehner Corp. 

“Data Reduction From High Speed Films,”’ 
presented by Mr. Woodring of Tele- 
computing Corp. 

The Section appreciates the cooperation 
of Cameron Pierce, Chief Engineer, 
Western Div., ABC, for his courtesy in 
making arrangements for the use of the 
ABC studio and facilities.-E. W. Templin, 
Secretary-Treasurer, Pacific Coast Section, 
&% Westrex Corp., 6601 Romaine St., 
Hollywoed 38. 
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PETERSON CONTEIOUS DOUBLE-HEAD PETERSON OPTICAL PRINTER MODEL 300 


) 
CONTACT PRINTER 
MODEL 16-C-60-16MM | 
MODEL 35-C-60-35MM 


Precision Motion Picture Printing Equipment and Accessories 


PETERSON SOUND PRINTING HEAD FOR MODEL “J AND “D” PRINTERS 


Mfrs. ‘of Optical and Continuous Panter and Accessories 
1136 NORTA*LAWNDALE AVENUE SKOKIE. oi 
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Education, Industry News 


Association of Cinema 


Labs Meeting 


Progress made toward standardization 
of 16mm laboratory procedures, nomen- 
development of 
improved customer relations were reported 
at the Association of Cinema Laboratories 
meeting at Lake Placid on October 6. 
The Association heard three industry 
committees make recommendations: No- 
menclature headed by Russell Holslag of 
N.Y., Vice- 


clature and also the 


Precision Film Laboratories, 
President of the Association; Customer 
Relations, headed by Geo. W. Coiburn 
of the Geo. W. Colburn Laboratory, 
Chicago, Treasurer; and Pre-Print Prepa- 
ration, headed by Byron Roudabush of 
Byron, Inc., Washington, D.C., Secretary. 

The Association grew out of a meeting 
of representatives of six film laboratories 
held in October 1952 during the SMPTE’s 
72d Convention in Washington, D.C. 
Its membership is now made up of 31 
16mm. film laboratories. Its initial organiza- 
tion and early efforts were described in 
the Journal for January 1954 by John 
Stott 

“A Keport From the Association of 
Cinema Laboratories,” in the July 1955 
Journal, was a comprehensive paper by 
Neal Keehn, President of the Association. 
It covered the more recent activities of the 
Association, its relation to SMPTE, and 
laboratory procedures for A & B roll dis- 
solves, laps, checkerboard splices, marking 
workprints to indicate effects and exposures, 


and preparation of printing head and tail 
leaders. 

The Association's next meeting will be in 
New York on January 26 and a subsequent 
meeting is planned for Tuesday morning, 
May 1, during the SMPTE Convention 
in New York. Further information is 
available from the Association’s Secretary, 
Byron Roudabush, Byron, Inc., 1226 
Wisconsin Ave., Washington 7, D.C. 


Still Photography and 
Television Standards 


Below are listed the numbers and titles 
of recently approved American Standards 
in fields of interest to SMPTE members. 
Additional listings of such standards will 
be published in the Journal from time to 
time, as they are made available. Previous 
enumerations appeared in the July 1953 
Journal, p. 82; in the January 1954 Journal, 
p. 91; and in the April 1955 Journal, p. 220. 
Indexes and copies of standards are 
available from the American Standards 
Association, Inc., 70 E. 45 St., New York 
17. 


Photographic Sensitometry, PH2 


Photographic Exposure Computer, PH2.7- 
1955 (Revision of Z738.2.2-1949), $1.50. 


Photcgraphic Apparatus, PH3 


Distance Scales for Focusing Camera 


Lenses, PH3.20-1955 (Revision of 738.4.3 
-1947 and Z38.4.13-1948), 25¢. 


Dimensions for Medical X-Ray Film 
Cassettes (Inch and Centimeter Sizes), 
Ph3.21-1955, 25¢. 


Photographic Processing, PH4 

Specification for Photographic Grade Hy- 
droquinone, PH4.126-1955 (Revision of 
Z38.8.200-1949), 35¢. 

Specification for Photographic Grade Potas- 
sium Bromide, PH4.200-1955 (Revision 
of Z38.8.204-1948), 25¢. 

Index of American Standard and Proposed 
American Standard Specifications for 
Photographic Grade Chemicals, gratis. 


Television Standards, C16 


Methods of Measurement of Interference 
of Television Receivers in the Range of 
300 to 10,000 KC, 60¢. 

Methods of Aspect Ratio and Geometric 
Distortion of Television Cameras and 
Picture Monitors, C16.25-1955, 60e. 


Robert W. Clark has purchased the 
assets of the Rayco Electronic Mfg. Co. 
located at 11116 Cumpston St., North 
Hollywood, Calif. The company specializes 
in toroidal products, design, engineering 
and production of electronic components 
and also manufactures toroid winding 
machines for sale or lease. 

Mr Clark has previously been engaged 
in television development work with the 
National Broadcasting Co. and most re- 
cently with the Lane Wells Co. William 
V. Mosher continues as Chief Engineer 
of the Rayco firm. 


MODEL R-15 


REVERSAL FILM 


PROCESSOR 


EXCLUSIVE OVERDRIVE eliminates film breakage, automa- 
tically compensates for elongation; tank footage stays 


constant. 


EASY TO OPERATE, needs no attention. 
VARIABLE SPEED DRIVE, development times from 142 to 


12 minutes. 


COMPLETE DAYLIGHT OPERATION on all emulsions, no dark- 


room needed. 


FEED-IN ELEVATOR & 1200-FT. MAGAZINE permits uninter- 
rupted processing cycles. 


STAINLESS STEEL tanks, air squeegee, recirculation fittings, 
air agitation tube, lower roller guards. 


FORCED WARM AIR DRYBOX, uses no heating lamps. 
Double Capacity Spray Wash «© Filtered Air Supply 


Uniform Tank Sizes 
Cantilever Construction 
Size: 76” x 50” x 24” 


Self-Contained Plumbing 
© Ball Bearing Gearbox 
© Weight: Approx. 475 Ibs. 


| | 7 develops.reversal film at 1200 ft. per hr. 
| | vegative-positive film at 1200 ft. per hr. 
f 
XY 
} 
| la COPD: mittora, conn. 
| 644 November 1955 Journal of the SMPTE Volume 64 


DO YOU APPRECIATE SERVICE?... 


ONE OF A SERIES 


You might not have noticed it at 
first glance, but we and this young 
lady have something in common. 
We both take great pride in our 


respective abilities to render 


SERVICE. 


She—as you can plainly see— 
peels grapes, and if that’s what 
you want, we recommend her 
unreservedly. 

If, however, you're interested in 
film processing, this able young 
lady will be of no use to you 

at all. For complete 16 mm and 
35 mm film services ...magnetic 
striping any width, any position 
...16 mm color printing, you 


had better come see us... 


GENERAL FILM casoratonies corr. 


1546 No. Argyle /Hollywood 28, Calif. /WO 2-617! 
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Ub new approach 
to film processing 


The E—.D0.L. DM-11 This machine was designed and built for the 
Spray Processor— 


48 sec from comera Delaware Steeplechase and Race Association 


to projector ata rate of : 
52 ft/min using DuPont by the E.D.L. film process machine engineers, 
930 Reversal Pan designers and builders of all types of process 


machines for the quality-minded film producer 
and laboratory. We offer services in the 
design and construction of magnetic recorders, 
video recorders, special-purpose printers and 
high-produ tion film process ines for all 
film processes. We invite a statement of your 


problems. 


the E.D.L. Company 
5929 E. Dunes Highway, Gary, Ind. 


Protessional 
Junior Tripod 


—wvsed by more professional cameramen 
than any other tripod in the world. 
Shown with friction type head which handles all 
16mm cameras, with or without motor 
Also 35mm B & H Eyemo, DeVry. Interchangeable 
with gear drive head. “Baby” tripod base 
and “Hi-Hat” also available 
If you're a professional—you need 
“Professional Junior Tripod. See it today. 


SALES « SERVICE o RENTALS 


*9.5mm Lenses in 16mm C mount. 18.5mm (extreme wide angle-fiat field) 

Lenses available in mounts for all 35 mm Motion Picture Cameras. 
*PHOTO RESEARCH Color Temperature Meters. “Electric Footage Timers 
*Neumade and Hollywood Film Company cutting room equipment. 
*Griswold & B.&H. Hot Splicers. *DOLLIES—-Bardwell-McAlister, Mole 
Richardson, Century and Colortran Lighting Equipment. 


Complete line of 16mm and 35mm Cameras 


SPLICES NOT HOLDING? 


c. ZUCKER 


BROADWAY YORK CITY 


current 
literature 


The Editors present for convenient reference o 
list of articles dealing with subjects cognate to 
motion picture engineering published in a 
number of selected journals. Photostatic or 
microfilm copies of articles in magazines that are 
available may be obtained from The Library 
of Congress, Washington, D.C., or from the 
New York Public Library, New York, N.Y., at 
prevailing rates. 


American Cinematographer vol. 36, Aug. 1955 
The New Yellow Flame Carbons (p. 464) ¢ 
Handley 
Set Lighting for Commercial Films (p.467)C 
Loring 
Eleven Cameras for Circarama (p. 476) L. Allen 
New Automatic Shifting Shutter on Kodascope 
Pageants (p. 490) 
vol. 36, Sept. 1955 
Exposure Determination for Variable Shutter 
Speeds (p. 524) F. P. Fritz 
Pre-printing Preparation of 16mm Film (p. 531) 
Innovations Highlight New S6: Magnetic Re- 
corder (p. 536) F. Foster 


Bild und Ton vol. 8, No. 7, July 1955 


Cinemascope—der neve Breitwandfilm (p. 182) 
Neuere Xenon-Lampen fur Farbaufnahmen und 
fur Projektion (p. 184) U. Kopec 
vol. 8, No. 8, Aug. 1955 
Stereofonie und Tonfilm Pt. 2 (p. 210) F 
Steland 
Neuere Xenon-Lampen fur Farbaufnahmen und 
fur Projektion (p. 213) U. Kopec 
Uber die Zusammenarbeit von Kameramann 
und Kopieranstalt Pt. 2. (p. 215) H. Mehnert 
Grundlagen der fotomechanischen Farbkorrektur 
(p. 217) E. Rupp 
Gedanken uber Automatisierung in der Vorfuhr- 
technik (p. 229) K. Poser 
vol. 8, Sept. 1955 
Uber einige Grundfragen der elektroakustischen 
Musikiibertragung (p. 244) Mitlacher 
Uber das Streulicht im Li: htspieltheater (p 
249) H. Schering 
Wie soll man filmen?—-88 R atschlage fur den 8- 
mm-Schmalfilmer (p. 255) P. Shrzesny 


British Kinematography 
vol. 27, No. 2, Aug. 1955 
Radar Cinematography (p. 34) J. R. F. Stewart 
Modern Cine Camera Lenses (p. 37) G. H. Cook 
vol. 27, Sept. 1955 
Film Characteristics for Television Scanning Pt 
I. Flying Spot Scanners (p. 73) 7. C. Nuttall 
Electrochemical Society, Journal 
vol. 102, Sept. 1955 


Two Photoelectric Colorimeters for Television 
Picture Tubes (p. 512) 2. 8. Hunter 


Film Technikum vol. 6, No. 8, Aug. 1955 
Neue Typen von Schmalfilm-Projektoren (p 
225) 


Das neue Bolex-Programm (p. 228) 
Ton-Probleme beim 8-mm-Schmalfilm (p. 230) 
Vorsatze zur Bauer-88-B (p. 232) 
Schneider-Objektive fur Kinokameras (p. 233) 
BM 2005C 
(p. 234) 


| 
| == 
| 
| 
| 
— 
| 
| 
fe | | 
i + i 
Camera €Quipment (0. 
646 November 1955 Journal of the SMPTE Volume 64 


Tonfilm-Kamera Auricon-Pro 600 Modell CM 
75 (p. 236) 

Das Movikon System im 8-mm-Film (p. 238) D 
B. Sasse 

Wohin steuert der Stereofilm (p. 240) W. Selle 

ideal Kinema vol. 21, Sept. 8, 1955 

No Side Masking with the Supalex (p. 9) 

Institute of Radio Engineers, Proceedings 

vol. 43, Aug. 1955 

Color Television Luminance Detail Rendition 
(p. 918) W. G, Gibson and A. C. Schroeder 

A New High-Efficiency Parallax Mask Color 
Tube (p. 936) M. E. Amdursky 

Design of Lens-Mask Three-Gun Color Television 
Tubes (p. 943) R. C. Hergenrother 

International Projectionist vol. 30, Aug. 1955 

Recent Developments in Anamorphotic Systems 
(p. 8) G. H. Cook 

Prevention of Damage to Prints (p. 15) R. A. 
Mitchell 

New Yellow-Flame Carbons Increase Depth, 
Sharpness in Photographic Image (p. 20) C. 
Handley 

SMPTE Color TV Test Films (p. 24) 

International Projectionist vol. 30, Sept. 1955 

Recent Trends in Shutter Design for Theatre and 
TV Projection (p. 7) R. A. Mitchell 

Circarama: Spectacular 16-mm Presentation at 
Disneyland (p. 10) 

A Stereophonic Sound System that Utilizes Haas 
Effect (p. 12) B. P. Bogert 

Versatile New Simplex Sound Systems (p. 14) 

Recent Developments in Anamorphotic Systems 
(p. 15) G. H. Cook 

Kino-Technik vol. 9, Aug. 1955 

Der Werdegang eines modernen Schmalfilmob- 
jektives (p. 273) Dr. Naumann 


products 


Cand developments) 


Further information about these items can be 
obtained direct from the addresses given. As in 
the case of technical popers, the Society is not 
responsible for manufacturers’ statements, and 
publication of these items does not constitute 
endorsement of the products or services. 


To measure lenses objectively, an elec- 
tronic instrument has been developed by 
the Radio Corp. of America, according to 
an announcement by M. C. Batsel, Chief 
Engineer of RCA Engineering Products 
Div., Camden, N.J. The lens-tester is de- 
scribed as a major advance in the optical 
sciences, in that it will introduce accuracy, 
speed and economy in pre-rating lenses of 
all types. It will enable the selection of 
lenses by specific grade, with the exact 
characteristics for given applications. The 
electronic lens-tester resulted from initial 
research conducted by Otto H. Schade, 
who has pioneered in the development of 
universal ratings and allied test equip- 
ment see, for instance, Dr. Schade’s 
article in this issue. 

Heretofore, the quality of any lens, with 


Aus der Geschichte der Kinematographie Teil 

IV. (p. 286) 
vol. 9, Sept. 1955 

Lichttechnik im Filmatelier. Strombedarf und 
Stromversorgung (p. 306) MH. Orlich 

Die Stromversorgungsaniagen der Bay aria-Film- 
kunst (p. 308) K. Neitzel 

Beleuchtungsprobleme in der Praxis des Kam- 
eramannes (p. 311) F. Lehmann 

Stand der Beleuchtungstechnik bei 
maufnahmen (p. 312) F. Krautschneider 

Sondergluhlampen fur Filmscheinwerfer und 
Projektion (p. 314) F. Ernst 

Vom Sonnenlicht zu den modernsten Kunstlicht- 
quellen (p. 316) 

Serienschaltung von Bogenlampen im Filma- 
telier (p. 319) 

Eugen Bauer GmbH feiert das fiinfzigjahrige 
Bestehen (p. 322) 

Bauer B 8 B—ein neuer Kegelblenden-Kinopro- 
jektor (p. 324) 


Farbfil- 


Motion Picture Herald (Better Theatres Sec- 
tion) vol. 201, Oct. 1955 

The Todd-AO Wide-Film System (p. 8) G 
Schutz 

Radio and Television News vol. 54, Oct, 1955 

Industrial TV (p. 37) W. H. Buchsbaum 

Width Troubles in TV Receivers (p. 56) 8. Heller 

Projection Color TV with a Color Wheel (p. 64) 
J. Stanley 

Studio Review (Supplement to Kinematograph 
Weekly) Sept. 29, 1955 

A New Debrie Camera for CinemaScope Filming 
(p. ix) R. H. Cricks 


Television Magazine vol. 12, Aug. 1955 


Definition of Coverage (p. 28) 


regard to sharpness, contrast and grada- 
tion, has been determined solely by visual 
tests. The lens-tester has been designed to 
enable lens manufacturers and users to de- 
termine quickly the lens’ response charac- 
teristics and apply them agairist mathe- 
matical optimums. Many significant prop- 
erties of an image depend upon the charac- 
the image of a 
point source of light. The star image of an 
optical “circuit” has been demonstrated to 
be the counterpart of the impulse response 
of an electrical circuit. Accordingly, the 
mathematical relationship of electrical 
impulse response, frequency responses and 
edge transitions can be applied to compute 
counterpart 
images. 

Major components of the developmental 
KCA lens-tester include a special test drum, 
a microscope, a multiplier phototube and 
an oscilloscope. The test drum has nine 
groups of high contrast black and white 
lines of different widths, ranging from 3/in. 
for the course group to 200/in. for the 
finest group. The black lines correspond to 
3 to 200 TV lines/mm in the image. 

To obtain the square-wave flux response 
of a given lens, it is made to view the test 
drum, which is revolved by a synchronous 
motor. The lens is also rotated, about its 
transverse axis, to test its performance off 
axis. The lens image of the test drum is 
then scanned by the multiplier phototube 
through a narrow slit. For a theoretically 
perfect lens, the contrast between black and 
white lines, as measured by the phototube, 
would be modified only by diffraction 
effects. With a practical lens, the contrast 
deteriorates as the line width decreases due 
to the combined effects of diffraction and 
aberrations, or defects. The line at which 


teristics of its star image 


properties of optical star 


8905 


For clean, 
erasure of magnetic 
tape and film, Bulk 
sure of noise and program 
material in a matter of © 
seconds. Accepted stand-. 
ard of industrial users, 


Write for 
_ Catalog 15-MB 


CIMEMA EMGINEERING CO, 


DIVISION AUROVOX CORPORATION 


100 CHESTNUT + BURBANK, CALIFORNIA 
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the « trast disappears represents zero 
square-wave flux response for the given 
lens. 

In a typical test operation, such as many 
in which KCA is now using the experi- 
mental equipment, the lens is fixed 26.4 
focal lengths from the test drum. The lens 
image is 25.4 times smaller than the object 
and is tested from 3 to 200 TV lines/mm. 
The microscope enlarges the lens image so 
that the phototube slit may be several 
thousandths of an inch wide, A cathode fol- 
lower mounted at the base of the multiplier 
phototube is activated by the phototube’s 
reaction and produces a low impedance 
output signal which is fed to the amplifier 
and power supply chassis. After amplifica- 
tion, the phototube’s square-wave signal is 


4-Track Magnetic Test Films 


rectified and its waveform presented on the 
oscilloscope. This waveform represents 
the average square-wave response vs. TV 
lines /mum for the lens and it can be used to 
determine mathematically the quality re- 
sponse or rating of the tested lens. 


The Magnetic Erasing Pencil Type 8905 


is an accessory developed by Cinema Engi- 


Ten Different 35 mm Types 
Now Available For: 


CinemaScope- equipped 
Theaters and Theater 
Service Engineers 


1. Level Baiance Film 

2. Multifrequency Reel 

3. Loudspeaker Bal- 
ance Reel 


4. Stereophonic Reel 


5. Flutter Film 
4. Loudspeaker Phas- 


1000-cycle, 4-track 
40 to 12,000 cycles, 4-track 


Identical speech and music on 
four tracks progressively in 
this order 


Picture with stereo sound and 
12,000-cycle control signal 
on track four 


Signal of uniform level, 400- 


ing Film cycle or 500-cycle fre- 


quency-warbled simultane- 
ously on tracks 1,2,and 3, at 
a 5-cycle rate (specify cross- 
over frequency desired) 50 ft. 


Code 

50 ft. (SL-1) 

425 ft.* (MF-1) 

2,1,3,4 300 ft.* (LB-1) 

330 ft.* (ST-1) 

3000-cycle, 4-track 50 ft. (FL-1) 
(LP-1) 


7. Constant Level Film 8000-cycle, 4-track to check 
azimuth 50 ft. (AZ-1) 
8. Channel-Four Film 12,000/1000 cycle 50 ft. (CH-4) 
9. Projector Alignment Picture Only 100 ft (PR-1) 

Chart 

10. Projector Alignment Picture only, standard sprocket 

Chart—Optical holes (made by Motion 
Track Picture Research Council) 100 ft. csos 


*These lengths approximate. 


BASIC SET consists of types 1, 2, 7 and 9. This group is a 


CATALOG FROM: 


55 West 42d Street, 


“must” for every theater service engineer. 


Society of Motion Picture and Television Engineers 


New York 36, N. Y. 
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neering Co., Burbank, Calif. Designed for 
erasing small areas, even such as a syllable 
or part of a word, it is the size of a large 
fountain pen. It operates on 115-v a-c, 60 
cycles at 10 w. The Cinema Engineering 
Co. has a companion product in its Degaus- 
ser Type 9205, a tank-type bulk eraser for 
tape and film. It is for bench use, has a 
shipping weight of 27 lb, and operates on 
115-v a-c, 60 cycles, 2,000 w. 


The Du Mont Vitascan Color Studio 
Scanner is a system for producing live 
color television pictures of high quality 
without the use of expensive color tele- 
vision cameras. The Vitascan is a modern 
version of the early forms of live television 
pickup which used the flying-spot scanning 
principle. The basic flying-spot scanner 
equipment is similar to that already in- 
corporated in the Du Mont Multiscanner 
for scanning color slides and color film, 
which uses a 7-in. high-voltage cathode- 
ray tube with a nonbrowning, neutral 
density faceplate, operating at 40 kv. 

The major differences between the flying- 
spot scanner operation for the transmission 
of transparencies and that for live pickup 
are: (a) the scanning light is reflected from 
the objects or persons to be televised rather 
than transmitted through the material as in 
the case of a transparency; (b) the scanned 
area is many thousand times larger for live 
pickup than for slide or film operation and ; 
(c) additional illumination must be pro- 
vided in the studio. 

Equipment additional to the Du Mont 
Multiscanner package for adapting it for 
live color pickup includes a complement of 
clusters of multiplier photo cells, 5 in. in 
diameter covered with suitable color filters, 
and means for strobe-lighting the studio dur- 
ing the vertical blanking interval of the 
television system. A mobile scanner com- 
plete with lens turret and electronic view- 
finder, similar in appearance to standard 
television studio cameras, operates as a 
scanner light source independent of the 
multiscanner package. This Vitascan 
“camera” utilizes a 5-in. cathode-ray tube 
operating at 35 ky. 

Lighting effects similar to those presently 
obtained in present studio television lighting 
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a complete 
27-ib. sound system! 


Magnasyne X-400 Recorder 


Producer Net Price $B96.00 
FEATURING... F.0.8. North Hollywood, Calif. 


¢ High gain “long-shot’ microphone channel. 

¢ Dialog equalization for “speech-music’’ selection. 
Self-contained playback system for ‘film-direct’ monitor. 

* Famous Magnasync “Synkinetic’”’ precision film transport. 

¢ High speed rewind, sync speed reverse and fast forward. 

¢ Convenient arrangement for “sync marking.” 

¢ Footage counter, extended capacity arms, “quick-detach” mount for 
special motors, projector cable interlocks and many other compatible 
accessories to help increase production efficiency. 

¢ Unconditionally guaranteed specifications. 


send for complete specifications and delivery schedule. 


INTERNATIONAL Speavers IN THE DESIGN AND MANUFACTURE OF QUALITY MAGNETIC FILM RECORDING DEVICES 


7 


NEW YORK —Carnera Equipment Co., 1600 Broadway, SAN FRANCISCO — Brooks Camera Co., 45 Kearney St., 
New York 19. JUdson 61420. Cable Address CINEQUIP San Francisco, Calif. EXbrook 2-7348 


CHICAGO — Zenith Cinema Service, inc., 3252 Foster CANADA — Alex L. Clark, Ltd., 3745 Bloor St., Toronto 
Ave., Chicago 25, IRving 82104. 18, Ontario. BEimont 1.3303. 


November 1955 Journal of the SMPTE Volume 64 649 


A 
% 
MAGNASYNC MANUFACTURING CO., Ltd., 5546 Satsuma Ave., North Hollywood 2, California - 


SPECTRA 
Brightness Spot Meter 


@ Checks uniformity of blue 
backing for matte shots di- 
rectly from camera position 


= Checks brightness of selected 
areas on set to determine 
brightness range 


@ Checks color temperature of 
light sources to maintain uni- 
form color quality 


@ Shows footcandle output of 
individual light units without 
interference from other sources 


@ Measures uniformity of illum- 
ination and discoloration of 
projection screens for any dis- 
tance or angle 


@ Maintains standard brightness 
and COLOR TEMPERATURE of 
printer lights 


PHOTO RESEARCH CORP. 


KARL FREUND, President 
836 North Cahuenga Bivd. 
Hollywood 38, Calif. 


| 


are achieved and controls are available for 
dissolves and fades from one “camera” to 
another. The Vitascan has no registration 
problems and is reported to afford excellent 
color reproduction the transfer 
characteristic of the basic package is com- 
pletely linear and devoid of matching 
problems. 


because 


Texture-Flex is a rubber-like material 
originally designed for use in Broadway and 
I'V productions. Sheets are sized 4 ft X 8 
ft. It is reported as made with life-like colors 
integrated in the material, but other colors 
may be achieved by painting. Besides the 
stone and brick textures, other backgrounds 
include planking and 
shingles, tree bark, cut stone, tree stumps, 
hedges, leaves, rocks, sea shells and archi- 
tectural elements such as scrolls, pilasters, 
balusters and fountain figures. A catalog is 
available from Texture Flex Div., Chester 
Rakeman Scenic Studios, Ine., 625 W. 43 
St., New York 36. 


weathered wood 


Journals Available and 
Wanted 


These notices are published as a service to ex- 
pedite disposal and acquisition of out-of-print 
Journals. Please write direct to the persons and 
addresses listed. 


Available 


Sept., 1937; March, 1939; June, 1939; 
July-Dec. 1941; 1942 through 1953; 1954 
complete, with exception of Dec.; 1955 to 
date. Available only as entire lot. Write 
E. J. Mauthner, 310 Riverside Drive, 
New York 25. 

Jan. 1930 through Dec. 1937, Journal 
SMPE issues; Jan. 1930 through Dec. 1935, 
bound volumes of SMPE Journal; SMPE 
l'ransactions: Apr, 1919: 8; May 1920: 10; 
May 1922: 13; Oct. 1922: 15; May 1925: 21; 
Oct, 1925: 24; Apr. 1927: 30; Sept. 1927: 
32; Apr. 1928: 33; Sept. 1928: 36. SMPE 
Membership Listings: 1928, 1930, 1938; 
SMPE Index Authors: 1930-1935; 
SMPE Miscellaneous: ASA Z22—-1930; 
Dim. Stab of M.P. Films 1934; ASA Z22 
1935; High Intensity Lamps-—-1935; Pro- 
gram Spring Convention Apr. 26, 1939. 
Write John Faber, 5 Edgewater Drive, 


and 


Anscochrome, Ansco’s new high-speed color 
film, is now available in 16mm daylight- 
type motion-picture film. It has an ex- 
posure index of 32 and is supplied in 50- 
ft magazines at $6.95 each and 100-ft rolls 
at $10.40 each. Anscochrome has been 
made to allow for better pictures in dimmer 
light and permit use of smaller lens open- 
ings for greater’ depth of field. The new 
high-speed film permits a greater number 
of subjects and types of action to be shot 
in slow motion at high frame speeds. 
Manufacturing innovations have been 
made in the film to reproduce red tones 
more accurately. Processing is included in 
the purchase price and may be done at the 
Ansco Color Laboratories listed in the 
film’s instruction sheet. 


Cronar, the polyester photographic film 
base developed by Du Pont, is expected to 
be in commercial production late this year 
or early in 1956. Du Pont has announced 
that a full-scale production plant is now in 
test operation at Parlin, N.J., after nearly 
two years of construction, This culminates 
eight years of research and development 
costing more than $6 million. 

The Du Pont Company has announced 
that it has licensed Eastman Kodak Co. to 
manufacture polyester photographic base 
and film under Du Pont patents. Eastman 
has been reported as indicating it has as 
yet no plans for using the polyester base. 

The Du Pont production plant is re- 
ported uniquely designed for photographic 
film manufacturing, being a_ five-story 
open-air structure for the chemical-mixing 
and formulation phases, Much of the plant 
can be monitored from a single instrument 
and control board. Graphic arts photo- 
graphic emulsions will be the first made, 
with motion-picture 


products next in 


priority. 


Denville, N. J. Phone Rockaway 9-2623M, 


June 1940 through Jan. 1950. Write Earle 
F. Orr, 345 Fellsway West, Medford, 
Mass. 


Dec., 1936; Jan., Feb., Apr., May, July, 
Sept., Nov. 1937; 1938 complete; 1939 
complete; 1940 complete; Jan.~Aug. 1941. 
Write Richard 8S. Norton, Warner News 
Inc., 625 Madison Ave., New York 22. 


Collection of back issues available either 
singly or as a lot. Write F. H. Cole, 1258 
So. Burnside Ave., Los Angeles 19. 


Wanted 


All Journals published in 1938 or earlier. 
Write John P. Byrne, Motion Picture 
Sensitometrics, Signal Corps Pictorial Cen- 
ter, 41-15 48 St., Long Island City 4, N.Y. 
Thanks are due Major R. E. Herold, 
Glendale, Calif., who furnished those for 
1954, and M. G. Sinkewitch, Hollywood, 
who donated a complete set for the years 
1939 through 1953. 


May, July 1944; Jan., Apr. 1945; Jan., 
Feb. 1946; Jan., Feb., Apr. 1947; Feb. 
1950. Write Kraus Periodicals, Inc., 16 
East 46th Street, New York 17. 
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High-Speed Photography, Volumes 2 and 3. 
Write William T. Mills, University of North 
Carolina, Dept. of Agriculture & Engi- 
neering, Raleigh, N.C. 

Complete set of Transactions. Write John 
Flory, Eastman Kodak Co., 343 State 
t., Rochester 4, N. Y. 

High-Speed Photography, Volumes 1, 
2 and 3. Write Jack Gershon, Armour 
Research Foundation, Technology Center, 
Chicago 16. 

Transactions Nos. 6 and 9. Write W. W. 
Hennessy, 503 West 41 St., New York. 

7 and 9. Write 
Vardgn, Pavelle Color Inc., 533 
New York 19. 


I'ransactions Nos. 1, 5, 6, 
Lloyd E, 
West 57 St., 


CLASSIFIED ADVERTISING 
First three lines $5.00 
Each additional line $1.00 
per inch $13.00 


Eastrnan High Speed Camera, Type III, //2.7 x 
2) in. lens. Includes heavy-duty tri Shutter 

500 to 3000 frames ‘sec. Only 6 rolls film 
run to date. Excellent condition in ‘“algieal con- 
tainer. Serial No. 1136. Make offer to R. Jones, 
Kellogg Division, American Brake Shoe Co, 
Humboldt Rochester, N. Y 


employment 
service 


These notices are published for the service of the 
membership and the fleid. They ore inserted 
three months, at no charge to the member. The 
Society's address cannot be used for replies. 


Positions Wanted 


16mm Cameraman familiar with all phases of 
industrial production wants permanent position, 
Write Robert M. Jackson, 419 W. Polk, Apt. 4, 
Houston 19, Texas 


Positions Available 


16mm Processing Technician. Excellent oppor- 
tunity for top-notch man; must be neat, orderly, 
accurate and possess knowledge of photographic 
chemistry. Send resume of background and 
experience to Eugene F. Fischer, Fischer Photo- 
graphic Laboratory, Inc., 1731 N. Mobile Ave., 
Chicago 39, Ill 


General Engineer, GS-11, salary $6300 per 
annum. Requirements: A degree in engineering 
plus two and one-half years of progressive pro- 
fessional experience in electronic and mechanical 
engineering; or six and one-half years successful 
and progressive experience in technical engineer- 
ing. Specialized experience in recording proc- 
esses and recording equipment is desired, Send 
resume, complete information, to Industrial 
Relations Dept., Office of Naval Research, 
Special Devices Center, Port Washington, L.L., 


N.Y. 


Electronic Specialists for basic and applied re- 
search on new devices for military use, End 
items in this field are mine detectors and related 
equipment resulting from basic and applied 
research in electronics, electromagnetic field and 
radiation theory, information theory, statistics 
and geophysics. Applicants must hold a degree in 
electrical engineering, physics or mathematics, 
or have considerable practical research experi- 
ence in their fields. Salaries range from $4345 to 
$8940 per year, commensurate with education 
and experience. Write to: Walter TH, Spinks, 
Acting Executive Officer, Engineer Research 
and Development Laboratories, Fort Belvoir, Va 


Sound Engineer to maintain and operate sound 
studio of New York film producer. Must have 
good theoretical and practical background in 
sound on film, tape and disk. Real opportunity 
for first rate man, Write giving full details and 
salary expected tc Mr, Craig M. Stevens, 112 
West 89th St., New York 24 


Professional Services 


FILM PRODUCTION EQUIP. 


The world’s largest of _supply for prac 
tically every need | q 
recording and editing motion picture films 


Domestic and Foreign 


8.0.8, CINEMA SUPPLY CORP. 
Dept. TE, 602 W. 52 St., N.Y.C.-Cable:SOSOUND 


ELLIS W. D’ARCY & ASSOCIATES 


Consulting and Devel t Engi 
Xenon-Arc Applications 
Motion-Picture Projection 

Magnetic Recording and Reproduction 


Box 1103, Ogden Dunes, Gary, Ind. 
Phone: o—Newcastle 1.0993 


VIDEO FILM LABORATORIES 
Complete Laboratory 16MM Service for 
Producers Using Reversal Process 
Also 16MM Negative and Positive Developing 
Write for Price List 
Video Film Labs are now located at 
350 W. 50th St., New York 19. JUdson 6-7196 


ROCKY MOUNTAIN HEADQUARTERS 
For Film Services 

Editing—Production—Renta!l—Sa!ss 
DuPoat, Eastman and Fastax films in stock 
Write for Price List 

WESTERN CINE SERVICE, INC. 
114 E. 8th Ave, Denver 3, Cole. TAbor 65-2812 


PHOTOGRAPHIC 
INSTRUMENTATION 
Spectalizing in 
HIGH-SPEED 
Motion-Picture Photography 
Photographic Analysis Company 


100 Rock Hill Rd., Clifton, N. J 
Phone: Prescott 8-6436 


PRODUCTION EQUIPMENT 


Cameras, Sound Editing, 
Laboratory and Affiliated Equip. 
Consulting Services by Qualified Engineers 
Domestic and Foreign 

EQUIPMENT CORP. 
10 E. 52nd St., NYC 
Cable: RFEVESQUIP 


FISCHER PHOTOGRAPHIC 
LABORATORY, INC. 


MErrimac 7-5316 
1731 N. Mobile Ave., Chicago 39 


CIRCLE 
FILM LABORATORIES 


Rapid Efficient Service 
CO 5-2180 
33 West 60th St., New York 21, N.Y. 


WILLIAM B. SNOW 
Consulting Engineer 
Acoustics — Electronics 
Stereophonic Recording 
1011 Georgina Avenue 
Santa Monica, California 
EXbrook 4-8345 


REVERSAL PROCESSING 


YHE-CLOCK 

SERVICE CUPONT 990 & 
Over four million feet of film suc cosstully proc. 
essed for TV, School and industry. Rate only 
3¢ per toot 


E CONVERT AURICON CINE-VOICE 


TO 400 FOOT MAGAZINE OPERATION 


HAROLDS PHOTO & TV Sioux Palla, 8. Dak 


Professional cards available to members 12 insertions, 2 x1 in., $60 
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color harmony 


every time 
with 


color-correct* 
prints.... 


You'll also Quality conscious? Byron color-correct® prints are 
have production harmony 
every time you schedule 


what you want. Get duplicate prints processed 


these Byron 16mm facilities: with exacting fidelity — color prints in balance that 
script 
art retain all their natural beauty with full depth and 
titling 


animation clarity. Color-correct® is a Byron exclusive, the result 


diti 
Pt of many years of engineering research and development 


recording 


location photography 


by a pioneer laboratory — staffed by master craftsmen 


music library — working with the finest equipment at top level 
sound stage 
complete black-and-white efficiency. Choose the leader in the 16mm color field. 


laboratory facilities 
precision magnetic striping 


Time important? Try our 8-hour service. 


by ro n Studios and Laboratory 


1226 Wisconsin Avenue, N.W., Washington 7, D.C. DU pont 7-1800 
*Reg. U.S. Patent Office 


SEND FOR YOUR COMPLIMENTARY COPY OF THE 3 ILLUSTRATED BULLETINS ON “PRE-PRINT PREPARA- 
TION” AS DEVELOPED AND RECOMMENDED BY THE ASSOCIATION OF CINEMA LABORATORIES 
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Meeting Calendar 


News Columns 


79th Convention, New York...... 
Report on Lake Placid Convention. 
Society 
Board of Governors Meeting. .... 
Annual 


Advertisers 


Camera Equipment Co... 
Cinema Engineering Co.. 

Creer 
General Film Laboratories, Inc.. . 
Hollywood Film Co...........- 
Philip A. Hunt 


Education, Industry News......... 
Journals Available and Wanted... 
Employment Service... 


Magnasync Mfg. Co., 
Motion Picture Printing Equipment Co. 
Peerless Film Processing Corp....... 
Photo Research 
Precision Film Laboratories, Inc...... 
Professional 
Reeves Soundcraft Corp...... 

Westen 


American Physical Society, Nov. 25~26, University of Chicago, Chicago, 

American Institute of Chemical Engineers, Nov. 27-30, Hotel Statler, 
Detroit. 

American Chemical Society, Southwest Regional Meeting, Dec, 1-3, 
Shamrock Hotel, Houston, Texas. 

International Atomic Exposition, Dec. 10-16, American Institute of 
Physics, Public Auditorium, Cleveland, Ohio 

Acoustical Society of America, Dec, 15-17, Brown U., Providence, R.I 

Mathematical Association of America, Dec. 30, Rice Institute, Houston, 
Texas 

American Association for the Advancement of Science, Annual Meet- 
ing, Dec. 26-31, Atlanta, Ga 

National Symposium on Reliability and Quality Control, sponsored 
by LR.E., American Society for Quality Control, and Radio, Elec- 
tronics, and Television Manufacturers Association, Jan. 9-10, 1956, 
Hotel Statler, Washington, D. C 

SMPTE Central Section, Jan. 16, 1956; Feb. 20, Mar. 19, Apr. 16, 
May 21, June 18. 

Association of Cinema Laboratories, Jan, 26, 1956, New York, 

International Symposium on Nonlinear Circuit Analyses, I]; sixth 
of a series sponsored by the Polytechnic Institute of Brooklyn, Apr 
25-27, 1956, Engineering Societies Building, New York 


American Institute of Electrical Engineers, Winter General Meeting, 
Jan. Feb. 3, 1956, Hotel Statler, New York 


American Institute of Physics, 25th Anniversary Celebration, Jan, 3 
Feb. 4, 1956, Hotel New Yorker, New York 

Optical Society of America, Feb. 1, 1956, (Massachusetts Institute of 
lechnology, Cambridge, Mass.) 

Acoustical Society of America, Feb. 1, 1956, (57 B. 55 St., New York 22) 

Optical Society of America, Apr. 5-7, 1956, Belleyue-Swatford, Phila- 
delphia, Pa 

79th Semiannual Ceanvention of the SMPTE, including Equipment 
Exhibit, Apr. 2%-May 4, 1956, Hotel Statler, New York. 

80th Semiannual Convention of the SMPTE, Oct. 7-12, 1956, Am- 
bassador Hotel, Los Angeles. 

Optical Society of America, Oct. 18-20, 1956, Lake Placid Club, Essex 
Co., N.Y 

Optical Society of America, Mar. 7-9, 1957, Hotel Statler, New York 

8ist Semiannual Convention of the SMPTE, Apr. 28-May 3, 1957, 
Shoreham Hotel, Washington, D.C, 

82nd Semiannual Convention of the SMPTE, including Equipment 
Exhibit, Oct. 6-11, 1957, Hotel Statler, New York. 

83rd Semiannual Convention of the SMPTE, April 20-26, 1958, 
Ambassador Hotel, Los Angeles. 

84th Semiannual Convention of the SMPTE, Oct. 19 24, 1958, 
Sheraton-Cadillac, Detroit. 

85th Semiannual Convention of the SMPTE, May 3 8, 1959, Fon- 
tainebleau, Miami Beach, Fla. 

86th Semiannual Convention of the SMPTE, including Equipment 
Exhibit, Oct. 5 10, 1959, Hotel Statler, New York. 


SMPTE Officers and Committees: 


The rosters of the Officers of the Society, its Sections, 


Subsections and Chapters, and of the Committee Chairmen and Members were published in the April Journal. 
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sustaining 
members 


Acme Film Laboratories, Inc. 
Alexander Film Co. 

Altec Companies 

Ansco 

C. S. Ashcraft Mfg. Co. 

Audio Productions, Inc. 

The Ballantyne Company 

Bausch & Lomb Optical Co. 

Bell & Howell Company 

Bijou Amusement Company 
Buensod-Stacey, Inc. 

Burnett-Timken Research Laboratory 
Byron, Inc. 

CBS Television 

The Calvin Company 

Oscar F. Carlson Company 

Century Projector Corporation 
Cineffects, Inc. 

Cinema-Tirage L. Maurice 

Cine Products Supply Corporation 
Geo. W. Colburn Laboratory, Inc. 
Consolidated Film Industries ; 
Deluxe Laboratories, Inc. 

Dominion Sound Equipments Limited 
Du Art Laboratories, Inc. ' 
E. |. du Pont de Nemours & Co., Inc. 
Eastman Kodak Company 

Elgeet Optical Company, Inc. 

Max Factor & Co. 

Federal Manufacturing and Engineering Corp. 
Fordel Films, Inc. 

General Electric Company 

General Film Laboratories Corporation 
General Precision Equipment Corp. 


Ampro Corporation 

Askania Regulator Company 

General Precision Laboratory Incorporated 
The Hertner Electric Company 

International Projector Corporation 

J. E. McAuley Mfg. Co. 

National Theatre Supply 

The Strong Electric Company 


W. J. German, Inc. 

Guffanti Film Laboratories, Inc. 
Hollywood Film Company 

Houston Fearless 

Hunt's Theatres 

Hurley Screen Company, Inc. 

The Jam Handy Organization, Inc. 
Kolimorgen Optical Corporation 
Lorraine Carbons 

Major Film Laboratories Corporation 


of the Society 
of Motion Picture 


and Television Engineers 


J. A. Maurer, Inc. 

Mecca Film Laboratories, Inc. 
Mitchell Camera Corporation 
Mole-Richardson Co. 
Motiograph, Inc. 


Motion Picture Association of America, Inc. 


Allied Artists Productions, Inc. 
Columbia Pictures Corporation 
Loew's Inc. 

Paramount Pictures Corporation 
Republic Pictures Corp. 

RKO Radio Pictures, Inc. 
Twentieth Century-Fox Film Corp. 
Universal Pictures Company, Inc. 
Warner Bros. Pictures, Inc. 


Motion Picture Printing Equipment Co. 
Movielab Film Laboratories, Inc. 
National Carbon Company 


A Division of Union Carbide and Carbon 


Corporation 


National Cine Equipment, Inc. 
National Screen Service Corporation 
National Theaters Amusement Co., Inc. 
Neighborhood Theatre, Inc. 
Neumade Products Corp. 

Northwest Sound Service, Inc. 
Panavision Incorporated 

Pathe Laboratories, Inc. 

Polaroid Corporation 

Producers Service Co. 

Projection Optics Co., Inc. 

Radiant Manufacturing Corporation 


Radio Corporation of America, Engineering 


Products Division 
Reid H. Ray Film Industries, Inc. 
Raytone Screen Corp. 
Reeves Sound Studios, Inc. 
S.0.S. Cinema Supply Corp. 
SRT Television Studios 
Shelly Films Limited (Canada) 
The Stancil-Hoffman Corporation 


Technicolor Motion Picture Corporation 


Terrytoons, Inc. 
Titra Film Laboratories, Inc. 


United Amusement Corporation, Limited 


United Artists Corporation 
Alexander F. Victor Enterprises, Inc. 
Wenzel Projector Company 
Westinghouse Electric Corporation 
Westrex Corporation 

Wilding Picture Productions, Inc. 
Wollensak Optical Company 
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